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SEWAGE AND INDUSTRIAL WASTES 


as well as other Federation services. 


Undue delay may make it impossible for 
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SEWAGE AND INDUSTRIAL WASTES 


Flush-Kleens are absolutely clog proof. Here are 
the reasons why: Flush-Kleen pumps automatically 
backwash the strainers, keeping solids from basin 
and pumps, with the impellers handling water only 
—this is accomplished as follows: 


FILLING WET WELL... 1. Sewage flows through inlet 
pipe. 2. Coarse matter is retained on strainer. 3. 


Strained sewage flows through idle pump to wet 
well. 


PUMPING... 3. Strained sewage is pumped from wet 
well. 2. Coarse matter is backwashed from strainer. 


4. Special check valve closes; sewage and coarse 
matter are pumped to sewers. 


SCRU-PELLER 
Pumps 


Scru-Peller Pumps are simple in design, positive in 

operation and are truly clog-proof—here’s why: 

1. SCREW AND IMPELLER are keyed on the shaft. The 
screw has two flights and the impeller has two 
blades. Each flight in the conveyor connects di- 
rectly with its own blade of the impeller. 

. GUTTING EOGES. There are four stellited cutting 
bars and a shear ring in the screw housing. Four 
more cutting bars are in the pump casing. The 
stellited edges of the screw and the edges of the 
impeller blades act against the cutting bars and 
shear ring, completely chopping all coarse solid 
material into small pieces that cannot clog or 
slow the pump. 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 
622 DIVERSEY PARKWAY CHICAGO 14, ILLINOIS 
Flush Kleen, Scru-Peller, Plunger Swing Diffusers, Stationary Diffusers, 
Horizontal and Vertical Non-Clogs mbination 


Mechanical Aerators, Co 
Water Seal Pumping Units, Semp Aerator-Clarifiers, Comminutors. 


CHICAGO PUMP. CO. 


FLUSH-KLEEN 
Sewage Ejectors Ove, 
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Why we keep it SRY ud 


Dry chlorine is inert — you can ship it in ordinary steel cylinders and pipe it through 
iron pipe or even copper tubing. But add even the slightest trace of moisture to it 
and chlorine gas becomes highly corrosive. 


That’s why we designed BUILDERS Visible Flow 
CHLORINIZER to meter and control the flow of chlorine 
gas in its dry, non-corrosive state. Precision parts which 
assure the safe, dependable operation of these chlorine 
gas feeders stay “like new” even after years of service. 
Actual experience with hundreds and hundreds of installations 
throughout the country has proved the soundness of Chlorinizer’s 
basic engineering . . . Yes, the right way to handle chlorine gas 
is the dry way. 

For detailed information about Builders Chlorinizers, address 
Builders-Providence, Inc. (Division of B-I-F Industries), 368 Harris 
Avenue, Providence 1, Rhode Island. 


BUILDERS-PROVIDENCE 
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FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Asesn.* 
O. Taytor, Secretary 
Box 69 
Alabama Polytechnic Institute 
Auburn, Alabama 


im Sewage and Water Works Assn.* 
V. Exuis, Sec.-Treas. 
c Yo Sewage Treatment Plant 
Phoenix, Ariz. 


Arkansas Water and Sewage Conf.* 
r. Harrison Hate, Sec.-Treas. 
c/o Southern State College 
Magnolia, Ark. 


California Sewage and Industrial Wastes Assn. 
Sam A. ere Sec.-Treas. 
Room 315, City Hall, Oakland 18, Calif. 
Canadian Institute on Sewage and Sanitation 
Dr. A. E. Berry, Sec.-Treas. 
Ontario Dept. of Health 
Parliament Bldgs. 
Toronto 8, Ontario, Canada 


Central States Sewage and Industrial Wastes 
Assn. 
A. Paut Troemper, Sec.-Treas. 
c/o Illinois Sanitary Water Board 
Springfield, Ill. 
Dakota Water and Sewage Works Conf. 
North Dakota Section* 
Jerome H. Svore, Sec.-Tveas. 
c/o State Dept. of Health 
Bismarck, N. Dak. 
South Dakota Section*® 
Cuartes E. Cart, Sec.-Treas. 
c/o Div. of Sanitary Engineering 
State Board of Health, Pierre, S. Dak 


Federal Sewage Research Assn. 
Lester M. KLAsuMAN, Sec.-Treas. 


Rm. 4218, Fed. Security Bldg., So., 
Washington 25, D. C. 


Florida Sewage and Industrial Wastes Assn. 
Donatp P. Scuresswout, Sec.-Treas. 
Bureau of San. Eng. 
P. O. Box 210 
Jacksonville 1, Fla. 


Georgia Water and Sewage Assn.* 
T. Storey, Sec.-Treas. 
1210 Hemphill Ave., N.W. 
Atlanta, Ga. 


Abwassertechnische Vereinigung (Germany) 
Buckstesc, Sec.-Treas. 
Schliessfach 1112 
Rubrverband, Essen, Germany 


Institute of Sewage Purification 
Martin Lovett, FSIWA Contact Member 
206 Bradford Rd. 
Wakefield, Yorks, England 


Institution of Sanitary Engineers 
Ernest Batsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1, London, England 


lowa Sewage Works Assn. 
Leo HoLtKampP, Sec.-Treas. 
P. O. Box 310 
Webster City, Iowa 


Kansas Sewage and Industrial Wastes Assn. 
Dwicut F. Metzrer, Sec.-Treas. 
c/o State Board of Health 
Marvin Hall 
University of Kansas, Lawrence, Kans. 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
R. Paut Farrett, Sec.-Treas. 
420 Sixth Ave., N., Nashville 3, Tenn 
Louisiana Conference on Water Supply and 
Sewerage * 
Grorce L. West, Sec.-Treas 
Water Dept., Lake Charles, La 


* Sewage Works Section. 


Maryland-Delaware Water and Sewerage Assn. 
Ww. Brnciey, Sec.-Treas. 
2411 N. Charles St., Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assn. 
D. M. Pierce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334, Admin. Bldg., Lansing 4, Michigan 
Missouri Water and Sewerage Conf.* 
JARREN KRAMER, Sec.-Treas. 
c/o State Office Bldg., Sixth Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assn. 
Harvey W. Taytor, Sec.-Treas. 
Div. of Sanitary Engineering 
State Board of Health, Helena, Montana 
Nebraska Sewage and Industrial Wastes Assn. 
Paut W. Mouse, Secretary-Treasurer 
‘ 602 West B Street, McCook, Nebr. 
New England Sewage and Industrial Wastes 
Assn. 
Steruen M. Hurtey, Jr., Sec.-Treas. 
c/o State Dept. of Health 
331 State Office Bldg., Providence, R. I. 
New Jersey Sewage and Industrial Wastes 
Assn. 
Micuaet S. Kacuorsky, Sec.-Treas. 
P. O. Box 766, Manville, N. J. 
New York Sewage and Industrial Wastes Assn. 
C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plains, N. Y. 
North Carolina Sewage and Industrial Waste 
Assn, 
E. C. Husparp, Sec.-Tre 
State Board of Health, Raicigh, ee 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
Warp E. Conran, Sec.-Treas 
301 Ohio Depts. Bigg Columbus 15, Ohio 
Oklahoma Water, Sewage and Industrial Waste 
Conf.* 
H. J. Darcey, Sec.-Treas. 
State Dept. of Health, Oklahoma City 5, Okla. 
Pacific Northwest Sewage and _ Industrial 
Wastes Assn. 
Rosert O. Sytvester, Sec.-Treas. 
Civil Engineering Dept. 
University of Washington, Seattle 5, Wash. 
Pennsylvania Sewage and Industrial Wastes 
ssn. 
B. S. Busu, Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
Kirby Health Center, Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Rosert J. Autp, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 
Rocky Mountain om Works Assn. 
C. . Harness, Sec.-Treas. 
272 City and County Bldg., Denver, Colorado 
South Carolina Water and Sewage Works 
Assn.* 
W. T. Linton, Sec.-Tre 
Wade Hampton Bldg., Columbia, 
Féreningen Fir Vattenhygien (Sweden) 
Sten Hesser, Secretary 
Box 5038, Stockholm 5, Sweden 
Association Suisse Des Professionels De L’ 
Epuration Des Eaux (Switzerland) 
Water Darpvet, FSIWA Contact Member 
Aarberg (Berne), Switz. 
Texas Water and Sewage Works Assn.* 
V. M. Enters, Sec.-Treas. 
501 W. 33rd St., Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 


sen. 
J. L. Hamrick, Jr., Sec.-Treas 
415 W. Franklin St., iheeed 20, Va. 
West Virginia Sewage and Industrial Wastes 
Assn. 
O. Fortney, Sec.-Treas. 
State Dept. of Health, Charleston, W. Va. 
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Elliptical VENTURI TUBE... 


Assures accurate measurement of sewage, sludge, or trade 
wastes at low velocity ... even under low pressure! Throat 
ellipse’s major dimension is vertical—equal to diameter of 
circular main section. 


Flat, Straight Top 
— prevents accumulations of 
air or gas that under certain 
conditions could impede flow 
and distort measurements. 


_ Horizontal Invert 
—a flat straight bottom, self- 
scouring of sediments or 
solids. 


Teamed with a Simplex Venturi Meter, this new Type VE 
venturi tube assures accuracy under low-flow for a wide range 
of pressures. 


For further information, write to Simplex Valve & Meter Com- 
pany, 6719 Upland Street, Philadelphia 42, Pennsylvania. 


It’s Simplex — It’s Accurate 


VALVE METER COMPANY 
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MEMBER ASSOCIATION MEETINGS 


Association 


New York Sewage and Industrial 
Wastes Assn. 


Texas Water and Sewage 
Works Assn. 


New Jersey Sewage and Industrial 
Wastes Assn. 


Arkansas Water and 
Sewage Conference 


South Carolina Water and Sewage 
Works Assn. 


Kansas Sewage and Industrial 
Wastes Association 


California Sewage and Industrial 
Wastes Association 


Arizona Sewage and Water 
Works Assn. 


Virginia Industrial Wastes and Sewage 


Works Association 


Central States Sewage and 
Industrial Wastes Assn. 


Ohio Sewage and Industrial 
Wastes Treatment Conference 


Pennsylvania Sewage and 
Industrial Wastes Assn. 


Kentucky-Tennessee Industrial Wastes 
and Sewage Works Assn. 


Place 
Hotel New Yorker, 
New York City 


Texas A & M College, 
College Station, Tex. 


Hotel Traymore, 
Atlantic City, N. 


Hotel Marion, 
Little Rock, Ark. 


Clemson College, 
Spartansburg, S. C. 


Hotel Broadview, 
Wichita, Kans. 


Mar Monte Hotel, 
Santa Barbara, Calif. 


San Marcos Hotel, 
Chandler, Ariz. 


Hotel Jefferson 
Richmond, Va. 


Hotel Pere Marquette, 
Peoria, Il. 


Mayflower Hotel, 
Akron, Ohio 


Pa. State College, 
State College, Pa. 


Owensboro Hotel, 
Owensboro, Ky. 


Jan. 


Mar. 


Time 


22-23, 1953 


8-12, 1953 


March 11-13, 1953 


Mar. 


16-18, 1953 


. 2-4, 1953 


Apr. 


A pr. 


Apr. 


May 2 


June 


June 


Aug. 


22-94, 1953 


1953 


25, 1953 


2, 1953 


3-5, 1953 


17-19, 1953 


26-28, 1953 


Sept. y 


TWENTY-SIXTH ANNUAL MEETING 
Federation of Sewage and Industrial Wastes Associations 
in conjunction with 

Florida Sewage and Industrial Wastes Association 
Municipal (Bayfront Park) Auditorium, Miami, Florida 
October 13-16, 1953 


Address hotel reservation requests to: FSIWA Convention 
Housing Bureau, 320 N.E. Fifth Street, Miami, Florida 


Nebraska Sewage and 
Industrial Wastes Association 


Florida Sewage and 
Industrial Wastes Association 


Hotel Capitol, 
Lincoln, Nebr. 


San Carlos Hotel, 
Pensacola, Fla, 


Nov. 


Nov. 


12-13, 1953 


16-19, 1953 
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COUNT ON 
RESULTS LIKE THESE 
from a YEOMANS High (apacity 


DIGESTER 


Trickling Filter Plant; 


Solids 91.5%, 


Very low construction costs and exceedingly high purifica- a typical 
tion are two outstanding characteristics of Yeomans P 
“Aero-Filter—Spiraflo” plants. Overall plant efficiency operational 
is always high when these two units are used in combina- report 
tion—for both domestic and many types of strong indus- W 
trial wastes. 
Pri y Effluent Fi 7 Overall Plant 
Raw Sewage mary Effluen inal Effluent Reducti 
wage 
Fi Per Per Per Per Sus. 
|} shitis | Cent |B.0.D.] Cent | Cent |8.0.D.| Cent Slide | 
uc- uc- PP) uc- 2 uc- er 
PPM PPM | edue- 1! Coat | Cent 
6-15 | 0.2996 210 | 255 79 | 624 | 136 | 46.6 28 | 64.6 | 18 | 86.8 86.6 | 93.0 
6-16 | 0.2467 || 425 | 260 85 | 80.0 | 127 | 51.2 || 23 | 73.0 | 19 | 85.1 || 94.6 | 926 
6-17 | 0.2554 410 | 235 124 | 69.7 | 141 | 40.0 28 | 77. is | 87.3 || 93.3 | 924 
6-18 | 0.2487 || 308 | 222 76 | 754 | 108 | 514 || 34 | 55.3 | 16 | 852 || 89.0 | 928 
6-19 | 0.1753 222 | 218 64 | 71.2 | 132 | 39.5 v i nei — -_ g4 | — 
6-20 | 0.2606 || 262 | 320 || 98 | 664 | 147 | 54.1 || 20 | 773 | 30 | 796 || o24 | 906 
6-21 | 02279 || 240 | 215 78 | 67.5 | 138 | 358 || 19 | 75.7 | 20 | 957 || 920 | 907 
Average | 0.2456 || 207 | 247 Il 85 | 705 | 132 | 455 [1 24 | 71.0 | 290 | 95.0 Il 91.5 | 920 


* Name of plant on request. 
“Spiraflo” Advantages 


@ Increased B.O.D. and settleable solids removal 
entially into annular 


—influent is introduced 


race around the periphery. 


ewage spirals down- 


ward slowly and enters main clarification compart- 
Uniform, slow 
diffusion of waste under the skirt results in greatly 
reduced velocities and provides maximum removal 


ment at the bottom of the tank. 


of settleable solids. 


@ Greater removal of finely divided 
to upward flow through slu 


rticles—due 
e blanket. 


This in- 


creases flocculation and results in more effective 
removal of finely divided particles before waste 


enters the effluent weirs. 


“Aero-Filter” Advantages 
@ Straight-wall design minimizes construction costs. 


@ Thoro uniform distribution—therefore costly re- 
circulation for dilution is unnecessary. 


@ Operating cost is lowest of any type of complete 


sewage treatment. 


@ Uninterrupted and almost complete momentary 
bed coverage minimizes troubles from odors, 
freezing, ponding, filter flies. 

@ All returns made direct to the filter—no oversize 
primary tank required. 

Additional operations papeste and bulletins containing 

complete details and helpful engineering data will be 

sent on request. 


YEOMANS BROTHERS COMPANY 


1999-7 North Ruby St., Melrose Park, Illinois 


Manufacturers ef: DISTRIBUTORS 
CLARIFIERS © DIGESTERS « MECHANICAL AERATORS 
PNEUMATIC SEWAGE EJECTORS ¢ CENTRIFUGAL PUMPS 
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.oe it’s the new RING-TITE JOINT 


used with Transite Sewer Pipe 


No NEED TO LET ordinary time-consuming methods 
of making joints slow down your sewer line jobs—not 
when you install Transite Sewer Pipe with its new 
Ring-Tite Coupling. 

Just a simple assembly operation with a mechanical 
coupling puller and this new “packaged” joint is ready 
for business! No jointing compounds to bother with... 
no heating equipment... no special skill is required. 
And you can check each joint for proper assembly as 
soon as it is made—before backfilling. 

Moreover, this easily assembled Ring-Tite Coupling 
makes a tight joint that stays tight in service. This, plus 
the fact that Transite’s long 13-foot lengths mean fewer 
joints in the line, cuts infiltration to a minimum. 

Another advantage of this asbestos-cement pipe is its 
high flow capacity (Manning's n=.010.). This often 
permits flatter grades and shallower trenches—an im- 
portant economy where pipe is laid at or below ground 
water line or where rock excavation is required. 

May we send you more complete data? Address 
‘ohns-Manville, Box 60, New York 16, New York. Ask 
for folder TR-103A. 


HERE’S HOW IT WORKS: 


Final position. > 
Sleeve centered 
over pipe ends, 
with the rubber 
rings tightly com- 
pressed between 
sleeve and pipe. 


4 Start of assem- 
bly. Two rubber 
rings and Transite 
sleeve (cut away 
to show position of 
rings) are placed 
on one of the two 
pipe ends. 


Checking joint 
for proper assem- 
bly. This is done 
with a simple 
gauge immediately 
after the joint is 
mode .. . before 
backfilling 


Transite is a registered Johns-Manville trade mark 


¥/0) Johns-Manville TRANSITE SEWER PIPE 
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This Q.C. f- Full Round Port CYLINDRICAL 
PLUG VALVE—with all its sound, true 
economy features—is made especially for 
critical installations where uninterrupted, 
fast flow is a necessity. Q.C. f) Round 

Port Valves are available in sizes up to 

12 inches. Q.C. f? Rectangular Port Valves 
also offer full pipe area. And here’s a new, 
added feature! Q.C.f- Valves are now 
available with TEFLON head gaskets, for 
easier turning, greater protection against 
leakage on difficult services. When next you 
specify, why accept less—ask for 


4 VALVES on cremcats ace Full Pipe 


Representatives 


Foundry Co., Valve Division, 1501 E. } 
Ave., Detroit 11, Mich. 


ain 
5) Principal Cities 


ON NATURAL GAS QC Ff CYLINDRICAL 
Plug Valves have no obstruction to 
flow, quick quarter-turn shut-off. 


IN SEWAGE PLANTS the QC F£ Valve 
provides knife-edge, shearing action, 
keeps row sewage lines open. 


& 
Area 
stops abrasion from suspensions, no 
contamination of ladings. 
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For trouble-free, low cost 


measurement of — 


SEWAGE 
INDUSTRIAL WASTES 
SLUDGE 
IRRIGATION WATER 


BAILEY 


OPEN CHANNEL METERS 


1. Easy to Install 

2. Retain Accuracy 

3. Self-Cleaning 

4. Adjustable Capacities 

5. Totalize Multiple Flows 

6. Chemical Feed Control 

7. Flow and Ratio Controls 
Ask for Bulletin 62 


MU22 


BAILEY METER COMPANY 


1066 IVANHOE ROAD * CLEVELAND 10, OHIO 
METERS and CONTROLS for SEWAGE and WATER 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES * DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS + AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 
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many 
of the World’s 


important Places 


For nearly 40 years buyers have believed 
in the soundness and progressiveness of 
Wheeler Economy Pump engineering. 
The reason is longer life. Case records 
show Wheeler-Economy Pumps operat- 
ing 15 to 20 years without replacement 
of major parts. Here is just a random 
selection of installations to prove Buyer 
Belief in Wheeler-Economy Pumps. . . 


They are installed in the White House 
as part of the new air conditioning 
system . . . An installation of large 
Wheeler-Economy Pumps is playing a 
part in one of the most isolated and vital 
spots in the South Pacific. Three 
Wheeler-Economy Pumps are installed 
in a jet engine laboratory pumping river 
water to cool generating engines 
Wheeler-Economy Circulating Pumps 
furnish air-conditioning in the world’s 
tallest building . . . There are Wheeler- 
Economy Pumps on many major ships 

. and huge Wheeler-Economy Circu- 
lators in major central power generating 
stations . . Near Wapato, Washington, 
Wheeler-Economy Pumps irrigate thou- 
sands of acres of agricultural land under 
the Grand Coulee Dam project 


And this is only a small part of the 

record, There are Wheeler-Economy 
There's a distributor o¢ Pumps for every pumping need from 
district office as near as small units for equipment manufacturers 
your phous. Look bim ap. to giants of 200,000 GPM. 


E-137-R 


WHEELER-ECONOMY PUMPS 


ECONOMY PUMPS INC. - DIVISION OF C, H. WHEELER MANUFACTURING CO 
19TH AND LEHIGH PHILADELPHIA 32 PA 
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SEWAGE 


Here is the modern method of sludge dis- 
posal — the C-E Raymond System of 
Flash Drying and Incineration. Continu- 
ously, automatically, this system inciner- 
ates thickened sludge to a fine ash, free 
from clinker and unburned materials... 
or flash dries it to fertilizer, containing all 
of the original fertilizer constituents. 
C-E systems now in service are meeting 
the requirements of both large and small 
communities — serving equivalent popula- 
tions from 6,000 to 3,600,000. The list 
below shows the most recent installations. 


C-E Raymond Systems installed, under 
construction or on order since 1945 


Consulting Engineer 


Whitman, Requardt & Associates 
Morris Knowles 

Gannet, Fleming, Corddry & Capper 
Havens & Emerson 


Installation 


Baltimore, Md. 
Bethlehem, Pa 
Bloomsburg, Pa 
Camden, N. J. 
Chicago, Ill. 

W. Southwest 
Fond du Lac, Wis. 
Houston, Texas 
Lansing, Mich. 

Los Angeles, Cal. 

San Diego, Cal. 

San Francisco, Cal. 
Schenectady, N. Y. 
Sheboygan, Wis. 
Washington, D. C 
Waterbury, Conn. 
Wyomissing Valley, Pa. 
York, Pa. 


City Engineering Dept. 
Jerry Donohue Engrg. Co. 
Greeley and Hansen 
Drury, McNamee and Porter 
Metcalf and Eddy 

Frank Currie 

Clyde C. Kennedy 
Havens and Emerson 
Jerry Donohue Engrg. Co. 
Greeley and Hansen 
Malcolm Pirnie 

Albright & Friel 

Albright & Friel 


AND INDUSTRIAL WASTES 


The 

Ideal Solution 
to Sludge 
Disposal 
Problems 


C-E Raymond Systems are flexible in 
layout, highly efficient and fully reliable; 
they provide for maximum utilization of 
waste heat. They mean for any com- 
munity the end of stream or atmospheric 
pollution resulting from the disposal of 
sewage wastes. 

The services of C-E specialists are avail- 
able to help you plan for the most prac- 
tical and economical answer to your sludge 
disposal problems. For prompt attention, 
get in touch with one of the Combustion 
offices listed below. 


Industrial sludges a problem? 


C-E Raymond Flash Drying and Incin- 
eration Systems have been the answer 
for others. Write for information. 


B.586A 


COMBUSTION 
ENGINEERING= 
SUPERHEATER, INC. 


FLASH DRYER DIVISION 
1315 North Branch Street 
Chicago 22, Illinois 
Western Office: 560 W. Sixth, Los Angeles 14, Calif. 
Eastern Office: 200 Madison Ave., N. Y. 16, .N. Y. 
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Settled sludge is collected by a plow 
with a brass squeegee and carried con- 
tinuously to the drawoff hopper by 
the slow-moving conveyor with steel 
flights. 


Floating material is carried to a 
trap at the outer end of the bridge 
by the return run of the conveyor 
and discharged into the scum 
hopper with each revolution. 


Rugged bridge pivots on a large ball bear- 
ing. Outer end is mounted on a solid rub- 
ber tired traction drive wheel equipped 
with anti-friction bearings. Forward 
wheel stabilizes mechanism. 


Simple, direct, positive trac- 
tion drive. Extremely Ic w 
peripheral speed assures min- 
imum agitation. 


Corrosion- and wear- 
resisting conveyor 
chains are Promal with 
a tensile strength of 
70,000 Ibs./sq. in. 


Removes all sludge 


tank floor one revolution 


LINK-BELT Circuline Sludge Collector 
offers efficiency of Straightline Action 
for round settling tanks 


ET quick, positive sludge and scum removal 

from round settling tanks with Link-Belt Circu- 
line Sludge Collectors. Famous Straightline action 
provides high efficiency and greater solids concen- 
traction, 


That's because maximum sludge concentration 
and complete sludge and scum removal are accom- 
plished—in the shortest time—without septicity 
... Without maintaining any sludge blanket. 


Circuline Collectors are part of the complete 
Link-Belt line of quality equipment. Our sanitary 
engineers will be glad to work with your engineers, 
chemists and consultants to give you the best in 
modern water, sewage or industrial liquids treat- 
ment equipment. 


LINK-BELT COMPANY: Chicago 9, Indianapolis 6, Philadel- 
phia 40, Atlanta, Houston 1, Minneapolis 5, San Francisco 24, 
Los Angeles 33, Seattle 4, Toronto 8, Springs (South Africa). 
Offices in principal cities. 12,955 
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SCUM BAFFLE AND 
EFFLUENT WEIR 


SLUDGE 


Uniform radial distribution of in- 
fluent is provided by solid and 
perforated baffles that dissipate 
the kinetic energy. 


In water, sewage and industrial liquids plants, inter- 
mittent operation (usually once or twice per day) as- 
sures high efhiciency and real economy. In final tanks 
of activated sludge plants operation is continuous. 


NITARY ENGINEERING EQUIPMENT 
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SEWAGE AND INDUSTRIAL WASTES 


3-way aid for your Clean Waters plan 


Special control like this chlorinator panel is part 
of complete G-E equipment for sewage plants. 


Clean Waters program consists of film, manual 
Modern Sewage Treatment, handout leaflets. 


Available now to all communities faced with the 
need for new or expanded sewage-treatment facil- 
ities is this three-way help from General Electric: 
1. Community-action program, including the 
film Clean Waters to aid you in increasing 
public support for necessary new projects. 
2. Engineering assistance to your consultants 
or engineers in electrical-system planning. 
3. Co-ordinated electrical equipment supplied 
from the complete G-E line of motors, con- 

trol and power distribution equipment. 
To take advantage of this complete service, 
contact your nearest G-E Apparatus Sales Office 
early in the planning of your project. General 
Electric Co., Schenectady 5, N. Y. 666-75 


G-E motors for sewage-plant use range from these large 
lift-pump motors to small motors for process drives. 


Engineered Electrical Systems for Sewage Plants 


GENERAL ELECTRIC 


| 

ee Typical of modern G-E equipment is this switchgear and Limitamp control lineup at a new west coast plant. ees 
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DO SEWAGE TREATMENT 
SERVICES NEED A 


Nordstrom Lubricant-Sealed valves installed on sludge — VA LV E? 


lines at ao South Caroling sewage treatment plant. 


Occasionally you'll find someone who thinks that because 
pressures and temperatures are not so high in 

sewage treatment piants as in other industries, 

a non-lubricated valve can do the job as well as a Nordstrom. 
Is this so? Definitely not! 

A Nordstrom Lubricant-Sealed valve on any type of 

sewage treatment service has many advantages that can't 

be duplicated by a non-lubricated valve. Here are a few: 


In ao Nordstrom, the seating area is never exposed to line fluid, so corrosive 
and abrasive services can't wear away the vital seating contact. 

Sect ports are completely surrounded by lubricant-filled grooves. 
lubricant acts as a seal preventing leakage whether the valve is opened 
or closed. 

A Nordstrom lasts longer than non-lubricated valves, becouse any 
mechanism of moving metal parts needs lubrication to prevent friction. 

A Nordstrom is always ready to operate with a quick quarter-turn. 

The plug glides on a film of lubricant permitting effortless, instant operation. 


These advantages—seat never exposed; lubricant-sealed 
shut-off; longer valve life; easy, instant operation — mean that 
Nordstrom Lubricant-Sealed valves can be depended upon 
to give efficient, trouble-free performance year after year 
on any sewage treatment service. Rockwell Manufacturing 
Company, Pittsburgh 8, Pennsylvania. 
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a ROCKWELL Built 


oo fold between plug 


a Nordstrom Valves 
wing the plug 


Sealed for Positive Shut OF 
hen mecetsary the film of 

the supply of 

can be a — 


the lufvicant screw 
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Get all the facts. 
Call your nearest 
Rex District Offite 
or write for 
Bulletin 51-83. 
Chain Belt Company, 
4606 W. Greenfield 
Ave., Milwaukee 1, 
Wisconsin. 


SEWAGE AND INDUSTRIAL WASTES 


REX’ TOW-BRO 


Way to improved 
sludge removal 


Gentle suction rather than conventional plowing or scraping— 
that’s the Tow-Bro principle that means more efficient sludge re- 
moval. Rex engineers developed the Tow-Bro particularly for 
handling light, flocculent solids where a minimum of agitation, high 
solids concentration and rapid sludge removal are factors vital to 
good performance. 


Tow-Bro’s gentle suction gives these important advantages: 


1. Clearer Effluent ...iessdisturb- 4.Prevents Septicity... sludge has 
ance assures a better settling condition _less chance to b e septic b all 
and hence clearer effluent. 


sludge is removed at one revolution. 


Sludge is inthe settling tank a shortertime. 
2. Greater Solids Concentra- 


tion ... Tow-Bro principle assures much 5. Greater Operating Flexibil- 
higher solids concentration than is ob- ity . . . varying rate of sludge draw-off 
tainable with conventional scraper-type over wide range as possible withou. 
mechanisms. diluting vortex action provides greater 


operating flexibility. 
3. Low Cost... no sludge hopper or 


center pier required. Greater solids con- 6+ Easy Adaptation .. . Tow-Bro 
centration means less tank volume, is easily adapted to round, square or 
smaller piping, less pumping. rectangular tanks . . . new or existing. 


Chaim Belt COMPANY OF MILWAUKEE 


Atlanta + Baltimore + Birmingham + Boston + Buffalo - Chicago + Cincinnati - Cleveland - Dallas 

Denver + Detroit + El Paso - Houston + Indianapolis - Jacksonville - Kansas City - Los Angeles 

Lovisville + Midland, Texas + Milwaukee + Minneapolis - New York + Philadelphia - Pittsburgh 

Portland, Springfield, Mass.+ St. Louis Salt Lake City San Francisco~ Seattle - Tulsa Worcester 
Export Offices: Milwaukee and 19 Rector St., New York City 
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SEWAGE AND INDUSTRIAL WASTES 


All Working Parts 
Contained in Removable 


Barrel—New Barrel 
Installed in Jiffy 


MATHEWS 


HYDRANTS 
Made by R. D. Wood Company 


Public Ledger Building, Independence Square 
Philadelphia 5, Pa. 


Manufacturers of “Sand-Spun” Pipe (centrifugally cast in 
sand molds) and R. D. Wood Gate Valves 


@ The barrel, containing all 
the working parts of the hy- 
drant, is readily removed for 
inspection or for repair by 
simply unscrewing from the 
elbow and withdrawing from 
the protection case. No ex- 
cavating. 


e@ This exclusive Mathews 
feature eliminates any need 
for repair work on the job, A 
spare barrel can be inserted 
in a few minutes and the 
broken barrel repaired in the 


shop. 


@ With automobile accidents 
breaking an increasing num- 
ber of hydrants, this speed 
of replacement is of tre- 
mendous importance in main- 
taining community fire 
protection. 


No Other Hydrant 
Offers So Many 
Essential Features 


Compression type valve prevents 
flooding « Head turns 360° « Re- 
placeable head « Nozzle sections 
easily changed « Nozzle sections 
easily raised or lowered without 
excavating « Protection case of 
“Sand-Spun’”’ cast iron for strength, 
toughness, elasticity » Operating 
thread only part to be lubricated 
« All working parts contained in 
removable barrel « A modern bar- 
rel makes an old Mathews good as 
new e Available with mechanical- 
joint pipe connections 
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Lithographed on stone for U. S. Pipe and Foundry Co., by John A. Noble, A.N.A. 


Larce DIAMETER cast iron pipe, 
as illustrated, are efficiently serving as water, 
gas or sewer mains in large cities throughout 
the country. If this were a water supply line 

or an intercepting sewer, either bell-and-spigot 
or mechanical joint pipe might be used; 
however, for a gas feeder main these days 

it would most likely be mechanical joint. 


Our pipe 30-inch and over, flexible joint and 
integral flange pipe are all made by the pit cast 
process. Pipe in sizes 2-inch through 24-inch 
are cast centrifugally in metal irolds with 
bell-and-spigot, mechanical joint or plain ends. 
No matter whether pit cast or centrifugally 
cast, the quality of our pipe is scientifically 
controlled throughout its manufacture. 


United States Pipe and Foundry Co., 
General Offices, Burlington, N. J. Plants 
and Sales Offices Throughout the U.S.A. 


cast iron 
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It’s a Dorr Digester equipped with 
high capacity draft tube mixer... 
the only unit with built-in, posi- 
tive mixing capacity that gives 


Complete Elimination of Scum... 
High speed propeller draws all sur- 
face material into draft tube... 
entire sludge mass is kept in a homo- 
geneous, fluid state. Recent samples 
taken at 2’ depths in a Dorr Digester 
showed a sludge concentration devia- 
tion of only 5.4% from the average! 


Rapid Tank Turnover... 

Mixers on all Dorr Digesters are de- 
signed to turn over the entire tank 
contents in at least one hour... 
smaller tanks require far less time. 


Uniform Digestion... 

Homogeneous tank content means 
accelerated digestion and uniform 
rate of gas production because (1) 


you these results — 


raw sludge is rapidly and intimately 
seeded with digested sludge and, (2) 
a uniform temperature exists 
throughout the sludge mass, whether 
heating is by internal coils or ex- 
ternal exchangers. 


Economy of Operation... 


The rapid turnover rate means that 
only intermittent mixer operation 
is necessary ... usually one or two 
hours per shift is adequate. The 
result... full tank capacity available 
for active digestion. 


For further details on what in- 
tensive mixing means in Digester 
operation, write to The Dorr Com- 
pany, Stamford, Conn. No obliga- 
tion of course. 


“Batter tools TODAY to mect tomorrows demand 


THE DORR COMPANY + ENGINEERS + STAMFORD, CONN. 


Offices, Associated Componies or Representatives in principal cities of the world. 
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Sewage Works 


In the treatment of water, sewage, 
and industrial wastes, sedimentation is 
more widely used than any other major 


process. No doubt it is the oldest 
process which has remained in con- 
tinued use throughout the vears. De- 
spite the importance of the process and 
the long years of experience in its use, 
sedimentation basins continue to be 
built with little or no attention to 
functional design. The dimensions of 
most settling tanks are fixed on the 
basis of standard detention periods 
recommended by state health depart- 
ments. This practice prevails in total 
disregard of the fact that evidence was 
presented nearly 50 years ago that re- 
moval of suspended matter by settling 
depends upon the floor area of the 
tank and not upon the tank volume. 
A cardinal principle in the fune- 
tional design of sedimentation basins 
is to provide sufficient floor area to 
receive the particles te be settled out. 
This principle was first announced to 
the sanitary engineering profession by 
Hazen (1) in 1904. The purpose of 
this paper is to explain this principle 
again in simple terms and to present 
other principles (2) which determine 
the shape of sedimentation basins for 
best performance of their function. 


Overflow Rate vs. Detention Period 


Particles of suspended matter will 
fall or rise through a fluid depending 
upon whether they are heavier or 
lighter than the fluid. For example, 
* Presented at 1952 Annual Meeting, Penn- 
sylvania Sewage and Industrial Wastes Assn. ; 
State College, Pa.; August 27-29, 1952. 


STUDIES OF SEDIMENTATION BASIN DESIGN * 


By Tuomas R. Camp 


Camp, Dresser & McKee, Consulting Engineers, Boston, Mass. 


most suspended particles in sewage 
will settle downward, whereas grease, 
which is lighter than water, will rise 
and form a scum on the surface. For 
simplicity this discussion is confined 
to particles heavier than water. The 
principles, however, are the same 
whether a particle falls or rises. 

A suspended particle in a dilute sus- 
pension will settle at a constant ve- 
locity with respect to the liquid im- 
mediately surrounding the particle so 
long as the particle maintains its in- 
dividuality and does not change in 
size, shape, or density, and as long as 
the temperature of the liquid does not 
change. This constant velocity is 
called the settling velocity of the par- 
ticle. If the suspended particle 
coalesces with another particle, as is 
the case in coagulation which prevails 
in most sedimentation processes, the 
resulting larger particle will settle at 
a greater velocity than the settling ve- 
locity of either of the smaller particles 
from which it was formed. Thus, co- 
agulation—or flocculation, as it is fre- 
quently called—results in more rapid 
¢larification. 

Figure 1 represents an idealized piec- 
ture of a sedimentation basin of the 
rectangular, horizontal, continuous- 
flow type. The longitudinal section 
through the basin shows four zones— 
the inlet zone, in which the suspension 
is distributed over the cross-sectional 
area of the basin; the settling zone, in 
which effective sedimentation takes 
place; the outlet zone, in which the 
clarified suspension is collected and 
discharged to the effluent flume; and 
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Outlet 


FIGURE 1.—Zones of a rectangular, horizontal, continuous-flow sedimentation basin. 


the sludge zone, which is provided for 
collection of sediment under the set- 
tling zone and may be neglected in 
many primary settling tanks employing 
continuous sludge removal. For sim- 
plicity it is assumed that the water 
velocities are horizontal and the same 
throughout the settling zone, the mag- 
nitude of the water velocity being des- 
ignated by V. 

Consider a suspension of discrete 
particles, each of which has the same 
settling velocity, v. These particles 
will traverse paths through the set- 
tling zone indicated by the light paral- 
lel lines, the direction of which is the 
vector sum of the tank velocity and 
the settling velocity of the particles. 
Those particles which enter the settling 
zone near the bottom will traverse 
paths within the shaded area and will 
settle out. All particles which enter 
the settling zone above the shaded area 
will pass out of the settling zone into 
the outlet zone and may be carried up- 
ward over the effluent weir. If, now, 
the settling velocity of the particles is 
equal to or greater than v, it is obvious 
from the figure that they would all 
reach the bottom and be removed from 
the liquid. It is evident from similar 
triangles that the removal ratio of 
particles having a settling velocity v 


is equal to v/v,. In Figure 1, about a 
third of the particles will be removed. 

Suppose the process illustrated by 
Figure 1 is changed by the construction 
of an intermediate tray at one-half the 
depth H, with no other changes. The 
velocity of the water in the tank has 
not been changed, and the settling ve- 
locity of the particles remains the 
same. The maximum depth through 
which the particles have to settle, how- 
ever, has been reduced by one-half, 
and there is twice as much floor area 
upon which the particles may settle. 
There are now two shaded areas (Fig- 
ure 2) which contain the paths of par- 
ticles which will be removed. In the 
particular example illustrated by Fig- 
ures 2 and 1, the removal ratio has 
been doubled by providing twice the 
floor area. The rate of discharge and 
the detention period are the same for 
Figures 1 and 2. Nevertheless, the re- 
moval, with the intermediate tray as 
shown in Figure 2, is twice as great as 
it is in Figure 1. 

Now, suppose that for the same rate 
of discharge and the same particles to 
be settled out, the tank of Figure 1 
is reduced to one-half its original 
depth, as indicated in Figure 3. The 
tank velocity in this case will be 2 V. 
3ecause of the increased tank velocity, 


FIGURE 2.—Tray in tank provides added floor area and increases solids removal. 
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all particles will settle along paths which 
will have half the slope of the corre- 
sponding paths in Figure 1. Hence, 
the removal ratio will be the same as 
for Figure 1. In other words, the re- 
moval is independent of the depth of 
the tank in this idealized case. The 
depth of the tank may be increased or 
decreased at will without having any 
effect on the removal ratio. For econ- 
omy it is obviously desirable to make 
the depth the minimum practicable. 
In design, the minimum practicable 
depth is determined by the space re- 
quirements for sludge removal equip- 
ment or the necessity of avoiding scour 
of the deposited sludge. 

The settling velocity v, of particles 
which would barely be removed in an 
idealized tank if they entered the set- 
tling zone at the surface, is known as 
the overflow rate of the tank. This 
settling velocity may also be thought 
of as a rate of discharge per unit of 
surface area of the settling zone or 
per unit of floor area. Overflow rates 
in common use for primary sedimenta- 
tion of sewage range from about 200 
to about 1,000 g.p.d. per square foot. 

Figures 1, 2, and 3 illustrate typical 
free-settling processes such as_ take 
place in the primary sedimentation of 
sewage or in secondary sedimentation 
following trickling filters. The settling 
of the mixed liquor in the activated 
sludge process is not a typical free- 
settling process. The process consists 
primarily of compaction of the sludge 
blanket, which may occupy a consid- 
erable portion of the depth of the tank. 
Even so, final settling tanks for the 
activated sludge process should be de- 
signed on the basis of overflow rates 
rather than detention periods, with 
due allowance being made for the 
depth to be oceupied by the sludge 
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FIGURE 3.—Reduced tank depth does not increase removal ratio. 


blanket. Overflow rates in common use 
in final settling tanks of the activated 
sludge process range from about 1,000 
to about 3,000 g.p.d. per square foot. 


Effects of Flocculation and 
Turbulence 


The flow in the settling zone of an 
actual sedimentation basin is not as 
simple as is depicted in Figures 1, 2, 
and 3. In the first place, the velocity 
is not constant over the cross-sectional 
area, even under the best of condi- 
tions, being zero at the walls and floor, 
and having a maximum value near the 
center of the tank and near the water 
surface. There is, moreover, turbu- 
lence in the flow, consisting of eddies, 
which may carry some particles up- 
ward and some particles downward at 
faster velocities than the settling ve- 
locity of the particle. There is also 
the effect of flocculation of the par- 
ticles during settling. 

Flocculation in a sedimentation ba- 
sin is due to two causes: (a) differ- 
ences in the settling velocities of 
particles, whereby faster settling par- 
ticles overtake those which settle more 
slowly and coalesce with them; and 
(b) velocity gradients in the liquid, 
which cause particles in a region of 
higher velocity to overtake those in 
adjacent stream paths moving at 
slower velocities. The first of these 
causes is illustrated in Figure 4, in 
which particle A, with a higher set- 
tling velocity than particle B, over- 
takes particle B and coalesces with it, 
after which the larger particle, com- 
prising both A and B, settles along a 
steeper path. 

For simplicity of illustration it has 
been assumed in Figure 4 that the tank 
velocity is the same throughout and 
that there is no turbulence. It may be 
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Zone 


FIGURE 4.—Effect of particle agglomeration on settling. 


seen now that if the depth is decreased 
for the same rate of discharge, the 
tank velocity V will be proportionately 
increased, and the slopes of the paths 
of the three particles will be propor- 
tionately decreased. Thus, particles A 
and B will coalesce at the same dis- 
tance from the inlet end of the set- 
tling zone and the resulting larger 
particle will reach the bottom at the 
same distance from the inlet zone. It 
is evident, therefore, that flocculation 
due to differences in settling velocities 
of particles is not affected by the depth 
of the tank. 

Velocity gradients (3) in the tank 
are caused primarily by eddies result- 
ing from turbulence. It has been dem- 
onstrated (2) that the rate of floccu- 
lation due to the mean velocity gradi- 
ent in a rectangular sedimentation 
basin is inversely proportional to the 
square of the depth of the settling 
zone. Hence, flocculation due to tur- 
bulent eddies will be greater in shallow 
tanks. Since flocculation promotes re- 
moval of suspended matter, shallow 
tanks are obviously preferable to deep 
tanks, provided, of course, they are not 
shallow enough to permit scour of set- 
tled solids. 

Figure 5 illustrates in the idealized 
tank the effect of turbulent diffusion 


on sedimentation. The straight line 
with the arrow illustrates the path 
that would be taken by all particles 
with a settling velocity equal to the 
tank overflow rate which enter the set- 
tling zone at the water surface, pro- 
vided, however, there is no turbulence 
and the tank velocity is the same 
throughout the settling zone. If turbu- 
lence is superimposed on this flow pat- 
tern, some of the particles will diffuse 
upward and some will diffuse down- 
ward, such that all of the particles 
with this same settling velocity will be 
contained within an envelope such as 
is shown by the broken curved lines. 
Some of the particles will reach the 
bottom than without turbu- 
lence, but others will be carried out 
in the effluent. The net result of tur- 
bulent diffusion is to decrease the re- 
moval. 

Dobbins (4) studied the effect of 
turbulence on the removal of discrete 
particles in sedimentation about 10 
years ago and derived equations for 
computing the effect. Figure 6 is a 
dimensionless graph (2) prepared 
from Dobbins’ equations. The symbol 
€« appearing in the horizontal seale of 
values is the mixing coefficient of tur- 
bulent flow theory. The value of » H/ 
2e is approximately equal to 1220/V. 
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FIGURE 5.—Effect of turbulent diffusion on settling. 
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FIGURE 6.—Effect of turbulence on removal ratio. 


In other words, the values on the hori- 
zontal scale of Figure 6 increase as 
the tank velocity decreases. 

A study of Figure 6 indicates that 
turbulence in tanks with low velocity 
has relatively little influence on the 
removal ratio for most suspensions 
dealt with, but that the influence is 
appreciable in tanks of high velocity. 
This figure has been quite useful in 
predicting the removal of grit in the 
design of grit chambers. In this case 
the particles dealt with are discrete and 
little The graph 
may be used to indicate roughly what 
the effect of turbulent diffusion will be 
in primary sedimentation basins. 

It is evident from the foregoing dis- 
cussion that the removal of suspended 
matter in a sedimentation basin is un- 
affected by the depth of the tank ex- 


flocculation occurs. 


cept through the influence of turbu- 
lence and bottom scour. Turbulence, 
which increases as the tank velocity 4s 
made larger, retards removal by tur- 
bulent diffusion and also increases re- 
moval by promoting flocculation. In 
primary sedimentation basins, it is 
probable that flocculation more than 
compensates for retardation of re- 
moval by turbulent diffusion. The tank 
velocity in conventionally designed 
sedimentation basins is generally less 
than 3 ft. per min. There is evidence 
that velocities as high as 12 to 18 ft. 
per min. may be used in properly pro- 
portioned without scour of 
sludge from the bottom of the basin. 
Thus, the limitations of sludge seour 
are not critical and permit the use of 
much shallower tanks than is common 
in practice, 
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Optimum Dimensions for Sedimenta- 
tion Basins 


When sedimentation basins are de- 
signed on the basis of detention period 
without due consideration to the per- 
formance needs, there is a great tempta- 
tion to dimension the tanks so as to 
produce the required tank volume at 
the least construction cost. This leads 
inevitably to circular tanks and square 
tanks, which are numerous throughout 
the country. 

The performance of square tanks 
and radial flow circular tanks in the 
removal of suspended matter is ex- 
tremely poor as compared to the per- 
formance of long, narrow rectangular 
tanks with the same volumetric ¢a- 
pacity. There are two reasons for the 
deficient performance of such tanks: 
(a) the size of the effective settling 
zone is reduced because the inlet and 
outlet zones occupy too great a part 
of the total path of flow, and (b) short- 
circuiting and instability of flow pre- 
vail in short tanks. 

It has been found by hydraulic lab- 
oratory experiment that with the very 
best design of inlet and outlet devices, 
the inlet zone and the outlet zone will 
each occupy a portion of the length of 
the path of flow at least equal to the 
depth of the tank. There is, of course, 
some settling in these two zones, but 
because of the turbulence and upward 
currents it is safer to neglect this set- 
tling in tank design and assume that 
all settling occurs in the settling zone. 
In most conventionally designed radial 
flow tanks, there would he little set- 
tling zone left if proper allowance is 
made for inlet and outlet zones. On 
the other hand, if a tank is designed 
as a long rectangular tank, with a 
length 20 or more times the depth and 
width, the inlet and outlet zones will 
occupy only about 10 per cent of the 
length of the tank, and the settling 
zone will occupy about 90 per cent. 
With short tanks, it is extremely im- 
portant that inlets and outlets be de- 
signed so as to conserve as much of the 
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tank capacity as possible for sedimen- 
tation. With long narrow tanks, the 
importance of inlet and outlet design 
becomes insignificant because of the 
relatively small size of the inlet and 
outlet zones. 


Short-Circuiting and Stability 


It has become common practice to 
measure the short-circuiting charac- 
teristics of tanks by introducing a slug 
of dye, salt, or radioactive tracer at 
the inlet end and measuring the con- 
centration of the tracer at the tank 
outlet after various intervals of time 
following the introduction of the slug. 
If all of the tracer could pass through 
the tank at the nominal tank velocity, 
the entire slug would appear at the 
outlet at the same time. This time of 
passage, called the detention period, is 
equal to the volume of the tank divided 
by the rate of discharge. Actually, 
however, some of the tracer will appear 
at the outlet in much less than the de- 
tention period and some remains in 
the tank for a much longer period. 
Figure 7 illustrates the shapes of the 
concentration-time curves for various 
types of tanks, as measured in models 
and in full-scale tanks. 

Figure 7 is a dimensionless plot with 
the horizontal scale in terms of the 
ratio of the actual time a certain con- 
centration appears at the outlet to the 
detention period for the tank. The 
vertical scale is in terms of the ratio 
of the actual concentration of the 
tracer to the concentration which would 
obtain if the tracer slug were mixed 
instantaneously with the entire con- 
tents of the tank. 

Curve A is the theoretical curve for 
an ideal dispersion tank in which the 
slug is mixed instantaneously with the 
tank contents. The short-circuiting 
characteristics of actual mixing cham- 
bers where the mixing is violent, ap- 
proximate curve A quite closely, except 
that it takes a short time even in such 
tanks for the first appearance of the 
tracer at the outlet. Curve B is char- 
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FIGURE 7.—Typical dispersion curves for tanks. 


acteristic of radial flow circular tanks 
under stable flow conditions. Curve 
( is characteristic of wide rectangular 
tanks with relatively shallow depth. 
Curve D is characteristic of long, nar- 
row rectangular tanks, and Curve E 
is characteristic of round-the-end 
baffled mixing chambers, very long, as 
compared to width and depth. The 
vertical line at F represents what would 
take place in an idealized tank such 
as represented by Figures 1, 2, and 3. 

Curve B indicates that some sus- 
pended matter may be expected to 
reach the outlet of a radial flow circu- 


lar tank in about 15 per cent of the de- 
tention period, and the greatest con- 
centration of suspended matter may be 
expected to reach the outlet in about 
one-half the detention period. On the 
other hand, Curve D indicates that 
none of the suspended matter will 
reach the outlet of a long, narrow ree- 
tangular tank in less than one-half 
the detention period, and that the 
highest concentrations of suspended 
matter will remain in the tank for 
about 80 per cent of the detention pe- 
riod. Since removal by settling is a 
function of the time allowed for set- 
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tling to take place, it is obvious that 
long, narrow rectangular tanks are 
vastly superior in performance to 
radial flow circular tanks. 

Extensive hydraulic laboratory ex- 
periments on models of tanks indicate 
that it is very difficult to reproduce 
short-cireuiting curves for radial flow 
cireular tanks and for square tanks. 
The flow patterns in such tanks are 
quite unstable and are easily affected 
by convection currents and density cur- 
rents. On the other hand, the 
cireuiting characteristic 
long, narrow rectangular tanks can be 
reproduced quite faithfully. The flow 
pattern in the long tank is quite stable 
sufficient length is provided 
to develop a stable flow pattern through 
the drag on the walls and floor of the 
tank. 

it is 
circuiting 
basin, the 


short- 
curves for 


because 


to minimize short- 
effects in a sedimentation 
hasin should be covered SO 


desired 


us to avoid the effects of both sun and 
wind. Vertical currents 
may be induced by the action of the 
whereas horizontal surface cur- 
rents of considerable magnitude may 
be induced by wind. In an open pond, 
surface water currents may be induced 
by wind action with velocities from 
1 to 3 per cent of the wind velocity. 
Thus, a 5-m.p.h. wind can induce a 
surface current with a velocity of 4 to 
12 ft. per min. Since these velocities 
are of the same order of magnitude 
velocities, it is obvious that 
serious short-circuiting may be induced 
by wind. 


convection 


sun, 


as. tank 


Preflocculation for Primary 
Sedimentation 


li nearly all large modern sewage 
treatment plants and in most waste 
treatment plants, 
pumped 


the suspension is 
before it enters the primary 
and in most sew- 
age plants the suspension is screened 
and metered before being settled. All 
of these preparatory processes intro- 
duce high velocity gradients in the 


sedimentation basins: 
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liquid which are destructive of floeeu- 
lent particles. Experimental evidence 
was produced by Fischer and Hillman 
(5) about 12 vears ago that 20 min. 
of self-floceulation of raw sewage prior 
to settling increases the removal of 
suspended solids during 60 min. of set- 
tling by 4 to 36 per cent over results 
obtained without flocculation, an aver- 
age improvement of 20 per cent. In 
studying the flocculation and settling 
of iron floc for water treatment, Root 
(6) found that with a total time of 
mixing and quiescent settling in excess 
of 75 min., any increase in mixing time 
at the expense of settling time, up to 60 
min. of mixing, would improve the set- 
tling. It therefore, that 
preflocculation prior to primary set- 
tling is extremely important. 


is obvious, 


Preflocculation as an adjunct to pri- 
mary treatment of has been 
badly neglected, except in cases where 
chemical 


sewage 


used, or in 
cases where pre-aeration is used. Even 


coagulation is 


in these cases, moreover, the value of 
the preflocculation is to some extent 
destroyed because the flocculation 
tanks are not constructed as an in- 
tegral part of the sedimentation ba- 
sins. Once the floc is formed, it should 
be handled gently until it is settled. 
The passage of a flocculent suspension 
through connecting conduits at high 
velocity subjects the particles to high 
velocity gradients, which shear them 
apart. 

Experience indicates that good floc 
formation takes place in chemical co- 
agulation processes with mean velocity 
gradients ranging from about 5 up to 
about 75 ft. per sec. per foot. 
floe formed should not 
jected to velocity gradients much in 
excess of those to which it was sub- 
jected when it was formed. If a ve- 
locity gradient of 75 ft. per see. per 


Fragile 


once be sub- 


foot is accepted as the maximum per- 
missible to avoid destruction of a par- 


ticular kind of floc in connecting pipe- 
lines, computations indicate that at 
50° F, the upper limiting velocity for 
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12-in. pipe is about 2 ft. per sec., for 
48-in. pipe is about 3.2 ft. per see., and 
for 10-ft. pipe is about 4.3 ft. per see. 
To minimize the possibility of floc de- 
struction in passage from flocculation 
chambers to sedimentation basins, the 
flocculation chambers should be built 
integrally with the sedimentation ba- 
sins with a relatively large opening 
through the wall between the two. 

In large sewage treatment plants, it 
is necessary to have a large number of 
primary settling tanks in parallel. 
One of the hydraulic problems in the 
design of such a plant is to distribute 
the suspension effectively from the in- 
let conduit to the parallel sedimenta- 
tion It not economically 
practicable to obtain perfect distribu- 
tion so that each basin has the same 
rate of discharge. In design a maxi- 
mum difference in rate of discharge 
which is acceptable may be adopted, 
and the distributing conduits designed 
to conform therewith. This is accom- 
plished by taking a relatively large 
head loss at the inlet to each basin as 
compared to the difference in head 
available from the connecting conduit 
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between the most distant tanks. To 
accomplish reasonably uniform distri- 
bution of flow by this method, a rela- 
tively high velocity is required at the 
inlet to each tank. These velocities 
are much too high to preserve floc if 
preflocculation has been accomplished 
in a separate set of tanks. If pre- 
flocculation is accomplished in floceu- 
lation basins built integrally with the 
sedimentation basins, however, the 
high inlet velocity required for dis- 
tribution between the tanks is at the 
inlet end of the flocculation chambers 
and does no harm. 


Suggested Types of Settling Tanks 

To adapt currently available straight- 
line sludge removal equipment to long 
rectangular tanks, the depth of such 
tanks must be not less than about 5 ft. 
to accommodate the sprockets. Figure 
8 shows a suggested design for primary 
tanks for sewage or water softening 
based on the use of currently available 
sludge removal equipment. This is a 
three-pass tank, with the first pass 
occupied by flocculating equipment. It 
is proposed to provide sludge removal 
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FIGURE 8.—Proposed design for primary tanks for sewage or water softening. 
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FIGURE 9.—Suggested design for primary tanks without mechanical sludge removal. 


equipment even in the first pass. In 
all three passes sludge would be 
scraped towards the inlet end of the 
tank and scum towards the outlet end. 
Flocculation in the first pass may, of 
course, be accomplished by aeration as 
well as by mechanical stirring. 

In most water treatment plants not 
involving softening, the rate of collec- 
tion of sludge is not evreat enough to 
justify the use of mechanical equip- 
ment for removal. At intervals, the 
sedimentation basins are taken out of 
service and unwatered for sludge re- 
moval, and the sludge is flushed to the 
drains by hand hose or monitor nozzles. 


Figure 9 illustrates a suggested design 
(7) for basins of this type, in which the 
space between trays should provide 
sufficient head room for workmen dur- 
ing the sludge removal process. 

At Cambridge, Mass., the old sedi- 
mentation basins constructed nearly 30 
years ago, and having a water depth 
of 16 ft., have recently been remodeled 
(8) to provide two trays and floccula- 
tion tanks similar in type to Figure 
9a. The basins are now in operation 
with excellent results. The construe- 
tion of the trays provided settling ca- 
pacity nearly three times that available 
in the old basin and avoided the con- 
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FIGURE 10.—Proposed primary tank design utilizing small-clearance trays. 
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FIGURE 11.—Proposed final settling tank design for activated sludge. 


struction of new sedimentation basins 
having double the capacity of the old 
basins. It is obvious that a very sub- 
stantial saving in cost resulted. 

Basins of the type shown in Figure 
% may be adapted for sludge removal 
equipment by installing a collector 
mechanism for each pass. Some large, 
modern water treatment plants have 
been constructed with a single tray and 
two passes. When two or more passes 
are provided, it is tempting to try to 
make a single collector mechanism 
serve two trays. This has been accom- 
plished successfully at Chicago and at 
Los Angeles. 

Figure 10 illustrates a proposed de- 
sign for the primary settling of water 
or sewage which includes a multiple- 
tray settling tank with very small verti- 
cal clearances between trays. It is not 
now practicable to use such a settling 
basin, because no satisfactory sludge 
removal equipment has yet been de- 


veloped for basins of this type. The 
functional advantages of such a basin 
are tremendous, however, and it is to 
be hoped that sludge removal equip- 
ment will be perfected in the not-too- 
distant future. 

Figure 11 shows a desirable trend in 
the design of final settling tanks for 
the activated sludge process. Both Fig- 
ures lla and 1le show tanks equipped 
for the collection of sludge at the 
outlet end. Fig. 11a illustrates a rela- 
tively deep tank with the inlet near 
the water surface, which permits the 
mixed liquor to drop to the bottom of 
the tank and be carried as a density 
current at high velocity along the bot- 
tom. The arrows indicate the cireula- 
tion produced above the sludge blanket 
by the density current. Fig. lle illus- 
trates a shallow tank with the inlet 
near the bottom so as to avoid the 
production of a density current. 
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DISCUSSION 


By Aurrep A. Estrrapa 


Engineer, Albright §& Friel, Ine., 

Mr. Camp has made a very important 
contribution to the knowledge available 
for the better understanding of the 


principles involved in sedimentation. 
It is also interesting to note that the 
principle of sedimentation tank design 
based on bottom area, as propounded 


by Hazen almost 50 years ago, was not 
widely used until after 1930, when Mr. 
Camp started to preach the gospel of 
design by tank area rather than by 
tank volume. 

This principle is now 
measure of possible tank efficiency by 
most engineers charged with the de- 
sign of sedimentation units in plants, 
either for treatment of sewage or wa- 
ter, as well as by health department 
engineers charged with the review and 
approval of these designs. However, 
the use of tank volume or detention is 
still used by many engineers and in 
many the governing cri- 
terion. 

The Upper Mississippi River Board 
of Public Health Engineers and the 
Great Lakes Board of Publie Health 
represented by officials 
from 10 states, in January, 1951, pub- 
lished ‘*Tentative Standards for Sew- 
age Works Design.”’ 


used as a 


eases it 18 


Engineers, 


These standards completely ignore 
detention periods in their design cri- 


Consulting Engineers, Philade Iphia, Pa. 


teria on settling tanks and base their 
criteria on surface settling rates which 
vary according to type of tank (pri- 
mary, intermediate, or final), and in 
final tanks according to type of treat- 
ment (such as trickling filter or acti- 
vated sludge). 

These standards also set the criteria 
for depth as follows: 


‘The depth of mechanically cleaned 
sedimentation basins shall be as shal- 
low as practical but with a minimum 
water depth of 7 ft. Final clarifiers 
for activated sludge shall have a mini- 
mum water depth of 8 ft.’’ 


This certainly is recognition of the 
principles which Mr. Camp has been 
preaching, 

The use of prefloceulation is of great 
value as an aid to sedimentation, as Mr. 
Camp has pointed out. In Pennsyl- 
vania, with its Clean Streams Program 
requiring the construction of so many 
sewage and industrial treatment waste 
plants, the use of this tool has not been 
neglected.  Prefloeceulation is either 
proposed in the design or already con- 
structed in plants for Philadelphia, 
Pittsburgh, York, Lancaster, and many 
other places. 

Multiple-tray tanks, as the author 
has stated, are gaining wider use in 
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the waterworks field. This type of 
tank is being used at Philadelphia, as 
well as at Chicago, Los Angeles, and 
Cambridge, Mass. 

The use of this type of tank for sew- 
age treatment, however, is open to se- 
rious question. Sludge which has once 
settled and turned septic will float to 
the surface, as shown by experience. 
Should this occur in a multiple-tray 
type tank, this sludge would be trapped 
under the tray and not be allowed to 
come to the surface for removal as 
scum or water sprayed for liberating 
entrapped gases and _ resettlement. 
Even if collectors were constructed in 
such a way as to scrape the underside 
of the tray, dragging the floating 
sludge along to an opening at the end 
of the tank, it is open to question as to 
whether the effluent from such a tank 
would not be much higher in B.O.D. 
than an open type of tank, because of 
accumulation of septic sludge and pos- 
sible anaerobic environment. 

In 1949, the firm of Albright & Friel 
was engaged to supervise pilot plant 
studies on a large food packing plant. 
Included in one of the schemes of treat- 
ment in the pilot plant were alternate 
studies on the efficiency of a conven- 
tional settling tank and a so-called 
‘*Dallas’’ or Uniflow settling tank. 
This type of tank has a sloping bottom, 
with the deep end at the influent and 
shallow end at the effluent. The con- 
ventional settling tank had a detention 
period of 85 min. and an overflow rate 
of 175 g.p.d. per sq. ft. based on the 
2-¢.p.m. rate through the pilot plant. 

The suspended solids were reduced 
from 168.8 to 55.6 p.p.m. for a removal 
of 67 per cent. 

The Dallas tank, on the other hand, 
had a detention period of 69 min. with 
an overflow rate of 182 g.p.d. per sq. 
ft. The tank varied in water depth 
from 10 in. to 16 in. 

The suspended solids were reduced 
through the Dallas tank from 198.5 to 
33.8 p.p.m. for a removal of 83 per 
cent, or 16 per cent more than the 
conventional type tank. 
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It should be noted, however, that 
the wastes treated in the two types of 
tanks were not divided flow from the 
same waste, but were waste waters 
from different types of vegetables, and 
that the suspended solids concentra- 
tion in the influent was not the same. 
Therefore, the results could not be 
conclusive as to the relative merits of 
the two type tanks, although with 77 
per cent of tank volume and about the 
same overflow rate, the suspended sol- 
ids in the effluent were less in the 
Dallas type tank than in the conven- 
tional tank. 

Conclusive results were . obtained, 
however, in 1950 at Harvard University, 
when Thomas ran fresh sewage through 
parallel tanks with exact surface areas 
—one with a flat bottom or conven- 
tional type, and a second with a sloping 
bottom or Dallas type. 

Thomas found that with the same 
overflow rate and 75 per cent of the 
conventional tank volume, the Dallas 
type tank removed substantially the 
same amount of suspended solids. 

A study of the cross-section of the 
Dallas type tank raises the question 
as to whether a tank with a level bot- 
tom with a depth equal to about the 
average depth of the tanks tested would 
produce the same results as the Dallas 
type tank. These results tend to sup- 
port the author’s statement that the lo- 
cation of the bottom of the tank, within 
the limits of a scouring longitudinal 
velocity, has no effect on the efficiency 
of a settling tank. 

It is understood from one equipment 
manufacturer who is studying this de- 
sign, that no tanks of this type are in 
actual service. It also is understood 
that this type of tank will be incorpo- 
rated into the construction of a sewage 
treatment plant by the Link-Belt 
Company at its new manufacturing 
plant at Colmar, Pa. This treatment 
plant is being designed for 90 g.p.m. 
The primary settling tank will be 10 
ft. wide by 54 ft. long, with a water 
depth varying from 4 to 12 ft. It 
would be interesting if this tank could 
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be constructed first with a false rela- 
tively flat bottom with an average 
water depth of about 7 ft., so that re- 
sults could be obtained on settling 
characteristics. Subsequent conversion 
of the tank to the Dallas type arrange- 
ment as now planned, would give con- 
elusive results on a plant-seale basis 
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as to the relative merits of the Dallas 
type tank versus shallow conventional 
type tanks. 

In conclusion, the use of the overflow 
rate has been well established as the 
governing criterion for the design of 
sedimentation basins, due in no small 
measure to Mr. Camp’s efforts. 


THIRD QUARTER NPA WATER RESOURCES APPROVALS 


Approval of 703 water and sewage 
construction projects with a total value 
of $343,025,641 in the third quarter 
of 1952 was announced recently by the 
National Production Authority, U. 8. 
Department of Commerce. All of the 
projects were granted construction per- 
mits and received allotments of con- 
trolled materials. 


Of the 703 construction jobs author- 
ized, 450 were for waterworks and 253 


for sewage. Water projects are valued 
at $215,570,241 and sewage construc- 
tion at $127,455,400. These amounts 
include estimated cost of all materials, 
labor, and engineering, according to 
James C. Crenshaw, Director, Water 
Resources Division. 

The volume of the water project jobs 
approved contrasts with 700 in the 
first quarter and 724 in the second. 
Authorized sewage applications also 
declined from 597 in the first quarter 
and 308 in the second quarter (see 


Tus JouRNAL, 24, 4, 444; and 24, 10, 
1302: Apr. and Oct., 1952). 

Controlled materials allotted by the 
Water Resources Division in the third 
quarter of 1952 totalled 125,000 tons 
of steel, 2,500,000 lb. of copper, and 
130,000 lb. of aluminum, 

New York headed the third quarter 
construction approvals with the great- 
est dollar value—$s85,860,994—while 
California had the greatest number of 
projects approved. California’s 116 
approved jobs had an estimated aggre- 
gate cost of $41,446,605, whereas New 
York had a total of only 35 projects 
authorized. Ranking second in dollar 
value was Michigan, with $55,366,806 
for 37 approved projects. 

Copies of the detailed list of con- 
struction approvals, although not avail- 
able for general distribution, may be 
inspected in the NPA Office of Publie 
Information, Room 3K2, New General 
Accounting Office Building, Washing- 
ton, D. C. 
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CHEMICAL STRUCTURE AND ACTION OF 
SYNTHETIC DETERGENTS * 


By W. R. Gowpy 


Chemical Division, Procter & Gamble Co., Cincinnati, Ohio 


The widespread use of synthetic de- 
tergents by the American housewife in 
the last few years has been a subject 
of concern to some in the sewage dis- 
posal field, and there has been much 
speculation about the effects of syn- 
thetics on the operation of sewage 
treatment plants. 

In this connection it should help to 
have a basic understanding of the vari- 
ous kinds of synthetic detergents, their 
properties, and how widely they are 
used. Actually, there are only two that 
are widely enough used to be important 
as far as content in domestic sewage 
is concerned, but questions have been 
raised about some of the others, even 
though they are not in widespread 
household use. 

There are three kinds of synthetic 
detergents—anionics, where the active 
portion of the molecule is an anion; 
cationics, where the active portion is 
a cation; and nonionies, that do not 
ionize at all. 


Anionic Compounds 


By far the most commonly used 
washing products are anionies like those 
shown in Figure 1. The first struc- 
ture in Figure 1 is a soap—in this 
ease, the sodium salt of laurie acid that 
comes from coconut oil. Like any soap, 
it is simply a metallic salt of a straight 
chain fatty acid. Usually soap is made 
simply by boiling an oil or fat, such 
as coconut oil or tallow, with sodium 
hydroxide. In practice it is not really 
as simple as that, because care must 
be taken to get out all the extra sodium 
hydroxide over and above that needed 


* Presented at 1952 Annual Meeting, Ohio 
Sewage and Industrial Wastes Treatment 
Conference; Toledo, Ohio; May 21-23, 1952. 
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for actual saponification. It is also a 
good idea, for economic reasons, to re- 
cover the glycerin free by the reac- 
tion. Finally, the ‘‘kettle soap’’ has 
to be processed into a more usable 
physical form. 

The second molecule in Figure 1 
is an alkyl sulfate—sodium cetyl sul- 
fate. The ‘‘alkyl’’ sulfates were the 
first type of synthetic detergent to be 
commercially successful on the retail 
market. Originally a European devel- 
opment, it was first marketed in this 
country in 1934 as a dishwashing 
product, and immediately accepted be- 
cause it did the kind of a job soap 
could do without the formation of lime 
soap or soap scum. It was quite a 
revolutionary step. Its structure looks 
a lot like that of soap, but its manu- 
facture is considerably more compli- 
cated. Fats are first reduced to 
alcohols with metallic sodium. The 
alcohols are then reacted with sulfuric 
acid to form an intermediate fatty 
mono substituted sulfurie acid that in 
turn is neutralized with sodium hy- 
droxide to give the kind of molecule 
shown in Figure 1. Other alkyl sul- 
fates can be made starting with prac- 
tically any aliphatic aleohol. Some of 
them are good detergents and some are 
not. 

The third molecule in Figure 1 is 
an alkyl benzene sulfonate. The prin- 
ciple here is the same, except that a 
petroleum-derived alkylated benzene— 
instead of fat—is the starting material. 
It is reacted with sulfuric acid, to give 
a mono substituted compound. This, 
in turn, is neutralized with caustic 
soda, just as was the case with the 
alkyl sulfate. 

The alkyl sulfates and alkyl aryl 
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FIGURE 1.—Structure 


sulfonates are by far the most common 
synthetic detergents in use today. 
They are the two that are used in the 
most popular detergents and repre- 
sent by far the largest proportion of 
the synthetic detergents found in sew- 
age. 

The other two classes of synthetics 
are only a small portion of the deter- 
gents in household use, but they are 
of some interest nevertheless. 


Nonionic Compounds 


Syntheties of the type shown in Fig- 
ure 2 are called nonionics, simply be- 
cause they do not ionize. They are 
usually made by condensing some sort 
of fatty or oily material, here again 
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ypical anionic detergents. 


an alkyl benzene, with several mole- 
cules of ethylene oxide. They are 
either liquids or waxy in physical form 
and tend to be sticky. Asa result they 
are hard to put into the granule form 
that is so convenient to use. 


Cationic Compounds 


Figure 3 shows a typical cationic 
structure—one of the quaternary am- 
monium chlorides. As a class, they are 
not widely used for their washing abil- 
ity. Some of them, however, are power- 
ful germicides and are sold and used 
as such. There has been some specula- 
tion in the sewage works literature 
about what these materials might do to 


FIGURE 2.—Structure of a typical nonionic detergent. 
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FIGURE 3.—Structure of a typical cationic detergent. 


digestion processes. For that reason, 
they deserve some attention here. 

Those cationics which are effective 
germicides are not compatible with the 
anionics—they cannot exist in the 
same solution in any appreciable 
amounts and keep their identity. The 
cationics react with the anionics and 
form compounds which are neither de- 
tergents nor germicides. As a result, 
those in use today cannot be used in 
ordinary household detergents because 
they do not keep their germicidal 
properties. By the same token, as long 
as there are anionics in sewage there 
should not be any reason to worry 
about any effects the cationies will 
have, because they will be neutralized 
by the anionies. 


How Detergents Act 


Figure 1 also shows the characteristic 
of detergent molecules which gives 
them their surface activity. In the 
case of soap and the alkyl and alkyl 
aryl sulfonates, one end of the chain is 
of a fatty nature. The other has a 
sodium ion with its usual characteris- 
ties of high solubility. Consequently, 
when these molecules are dissolved they 
become highly polarized. 

Figure 4 represents the cross-section 
of a water solution of a detergent. The 
detergent molecules are represented by 
the little rods, showing how they act 
at an interface of water and some 
other surface. For instance, in Figure 
4 they are surrounding two particles 
of foreign material. The tails repre- 
sent the hydrocarbon portion that is 
trying to get as far away from water 


as possible, and the heads represent the 
sodium end that has a high affinity 
for water. The result of this polarity 
is that these molecules align them- 
selves at every water interface. This 
action is what enables soaps and de- 
tergents to suspend dirt in washing 
dishes and clothes, and keep it from 
depositing back on dishes and clothes. 

An important point to remember is 
that a suspending job cannot be done 
with very dilute solutions, if there is 
any appreciable amount of solids pres- 
ent to be suspended. Every particle 
of dirt that is suspended needs a great 
many molecules of soap or detergent 
to surround it and carry it, and keep it 
from agglomerating with other par- 
ticles and either settling out or float- 
ing. 
Another important fact to notice is 
that the free molecules which are un- 
attached are the only ones that can 
form suds. The ones that are attached 
are unable to do it. If enough free 
molecules are available they can mi- 
grate to the air-water interface, where 
they can operate in the formation of 
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FIGURE 4.—Action of detergent at 
interface of water and dirt. 


we 
ay 
: Vol. 25, No. 1 5. 
HH H HH KH H HH HH 
H HHH HH 
: 
as 
ee 


SEWAGE AND INDUSTRIAL WASTES 


FIGURE 5.—Action of detergent on 
introduction of additional dirt to water 
solution. 


suds. However, the air-water interface 
does not have enough attraction for 
them that they will remain there if 
there is soil present which has not 
already adsorbed a large number of 
these molecules. The soil or solids will 
preferentially adsorb detergent mole- 
cules so that when appreciable amounts 
of soil are present there will not be 
enough free molecules left at the air 
interface to allow sudsing. If the so- 
lution in Figure 4 has some more dirt 
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added, the situation changes to that 
in Figure 5. 

As shown in Figure 5, the detergent 
molecules have redistributed them- 
selves among the particles that make 
up the increased load. <As a result, 
they effect much less of a suspending 
force and there are far fewer free 
molecules to make suds. 


FIGURE 6.—Action of detergent on in- 


troduction of excessive dirt to water 
solution. 


Figure 6 shows what happens when 
still more soil load is added than the 
amount of detergent present can 
handle. The detergent still tries to 
hold the soil, but it does not succeed, 
because there is not enough of it to 


FIGURE 7.—Detergent suds before (left) and after washing dishes, 
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give good coverage to the tremendous 
surface area that has been created with 
the added soil. Also, when this hap- 
pens there are no longer any free 
molecules left to create suds, and that 
is precisely why one runs out of suds 
in dishwashing or in the washing ma- 
chine. The washing solution is so 
heavily loaded with soil that there is 
no longer any free detergent left to 
suds. 

Figure 7 is a practical example of 
this. A dishwashing was done with a 
3,000-p.p.m. solution of the leading 
household detergent. The dishpan on 
the left shows the panful of detergent 
solution before the start of the dish- 
washing. It has a good suds because 
anionic synthetic detergents are a lot 
like soap in their sudsing characteris- 


tics. A good suds under most circum- 
stances means enough detergent is 


present to wash adequately. When 
there is not enough detergent to suds, 
there is not enough to wash. The pan 
on the right shows what was left after 
a dishwashing had been done with 
these suds. The detergent has all been 
‘‘used up’’ by the soil so there is no 
longer any suds. It is evident how the 
high load has broken the emulsion. 
It is impossible to get any more suds 
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out of such a solution no matter what 
is done to it short of adding more de- 
tergent. When there is more dirt than 
the suspending agent can handle, the 
whole emulsion and suspension just 
falls apart and the solution no longer 
suspends, cleans, or sudses. 


Conclusions 


These facts indicate that the ex- 
tremely dilute concentrations of syn- 
thetics found in sewage can hardly 
alone be capable of causing frothing 
or settling problems. This conclusion 
has been supported by full-scale tests, 
as reported by Wells (1). Briefly, the 
tests involved controlled addition of 
synthetic detergent to the aeration 
tanks of an activated sludge plant, in 
amounts as high as 250 p.p.m. over 
and above that normally in the sewage. 
No frothing or other harmful effects 
were evident, even with such high con- 
centrations. On the other hand, froth- 
ing could be created at will in the ab- 
sence of added synthetie detergent by 
reducing mixed liquor solids to levels 
below 1,400 p.p.m. 
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ANIONIC SYNDETS IN AMSTERDAM SEWAGE 


By P. N. Dreaens, Jr., H. vAN DER ZEE, AND J. D. KOMMER 


Koninklijke /Shell-Laboratorium ; Publieke 


Werken, Afdeling Riolering en Waterverversching ; 


and Koninklijke /Shell-Laboratorium, respectively, Amsterdam, Netherlands 


About 90 per cent of the synthetic 
detergents now on the market are of 
the anion-active type (mainly alkyl 
sulfates and alkyl aryl sulfonates), 
the remainder being of the cationic and 
nonionic types. As a result, the study 
of the behavior of the two anionic types 
of synthetic detergents in the various 
steps of sewage purification should be 
given most attention. 

For effective control of the concen- 
tration of synthetic detergents in raw 
sewage and in tank effluents it is es- 
sential that reliable analytical methods 
should be available. As far as is known, 
no methods are available for the de- 
termination of cationic and/or 
ionic detergents in sewage. 

For the determination of the total 
content of anionic synthetic detergents 
in sewage Evans (4) has suggested an 
extrapolation method based on the 
colorimetric methylene-blue method of 
Jones (5)(1). extrapolation 
method, however, is still too much in- 
fluenced by the possible presence in 
the raw sewage and tank effluents of 
nitrates, thiocyanates, and substances 
of the cholesterol type present in urine 
in the form of sulfate esters; besides, 
the method is not very suitable for 
routine analysis (6)(7). In coopera- 
tion with Evans and Winsor, the au- 
thors have therefore developed an im- 
proved version of the methylene-blue 
method, which, in addition, allows a 
separate determination of alkyl sul- 
fate (the term in this sense including 
also other products that can be hy- 
drolized in acid medium; for example, 
fatty acid amide sulfates) and of 
alkyl aryl sulfonate (in this sense also 


non- 


including the aliphatic sulfonates, or 
mersolates) detergents (3). Details of 
the method are given in the Appendix. 

During the past year this analytical 
method has been used regularly for 
determining the presence of alkyl sul- 
fate and alkyl aryl sulfonate anionic 
detergents in the raw domestic sewage 
of the Amsterdam sewage purification 
plants, which use the diffused air acti- 
vated sludge process, with some trick- 
ling filters for emergency overloads. 

The data on average 24-hr. samples 
from the West Amsterdam and South 
Amsterdam sewage treatment plants 
for the period from January, 1951, to 
June, 1952, are given in Table I. Fig- 
ure 1 shows the hourly fluctuations in 
anionic detergent concentrations for a 
typical week, as determined by hourly 
samples from the West Amsterdam 
plant. 

Table I shows that the total content 
of anionic synthetic detergents in 
Amsterdam raw sewage, as calculated 
over periods of six months, increases, 
and that this increase must mainly be 
attributed to the alkyl aryl sulfonate 
detergents. A survey summary of this 
increase is given in Table II, the maxi- 
mum and minimum daily averages of 
anionic syndets in the Amsterdam raw 
sewage being given in Table III. 

From Figure 1 it is evident that the 
concentrations of syndets in the raw 
sewage show diurnal fluctuations. As 
was to be expected, the concentrations 
are much lower in the morning hours 
than during the afternoon. 

Since no definite judgment can yet 
be passed on the influence of synthetic 
detergents on sewage purification, it is 


F 
3 
t 
; 
| 
{ 
| 
5 


Vol. 25, No. 1 


SYNDETS IN AMSTERDAM SEWAGE 


21 


TABLE I.—Alkyl Sulfate and Alkyl Aryl Sulfonate Anion-Active Synthetic Detergents (in P.P.M.) 
in the Raw Sewage of Amsterdam (Jan., 1951—June, 1952) 


Raw Sewage, W. Amsterdam | Raw Sewage, 8S. Amsterdam 
Alkyl Alkyl Aryl Total Anionic Alkyl Alkyl Aryl Total Anionic 
Sulfates Sulfonates | Detergents Sulfates Sulfonates Detergents 


(a) 1951 


Jan. 10 
Jan. 24 
Feb. 2 
Feb. 21 
Mar. 7 

Mar. 21 
Apr. 4 

Apr. 18 
May 2 

May 16 
June 13 
July 11 
July 25 
Aug. 22 
Sept. 20 
Oct. 3 

Oct. 17 
Oct. 31 

Nov. 14 
Nov. 28 
Dec. 13 


5.8 
5.3 
5.6 
3.9 
6.8 
6.3 
4.7 
5.9 
6.2 
4.7 
6.3 
| 4.4 
5.9 
6.5 
8.5 
6.9 
6.4 
5.4 
5.2 
4.2 
7.2 


1952 


May 29 
June 6 
June 16 


bo 


Ow 


6.0 
5.7 
5.8 
8.0 
9.8 
8.7 
9.3 
9.9 


> 


AI OOO ONN NS 
Ss! 


TABLE II.—Average Content (in P.P.M. of Active Matter) of Anionic Syndets 
in Amsterdam Raw Sewage 


West Amsterdam 


South Amsterdam 


Period 
Alkyl Total 
if Aryl Anionic 
Sulfonates Syndets 
First six months 1951 4.4 1.5 5.9 
Second six months 1951 3:1 2.9 6.0 
First six months 1952 4.0 4.4 8.3 


Ary Anionic 
Sulfates Sulfonates Syndets 
3.5 1.0 4.5 
2.7 1.2 3.9 
3.4 3.4 6.8 


| 

= 
Date 

ites | | - i 5.0 

| | | | “42 

44 2.4 3.2 4.7 

4.9 1.4 3.8 4.8 

3.3 1.4 3.3 4.3 bys 

4.8 1.1 3.1 3.9 

5.0 1.2 3.5 4.5 

| 3.8 0.9 4.0 5.0 

4.5 18 3.8 4.8 

14 3.0 1.6 3.0 

2.3 3.6 2.9 4.2 

2.9 3.6 2.2 3.4 

4.6 3.9 3.1 4.5 + 

3. 1 3.8 4.3 

: | 24 4.0 2.3 | 3.9 oie 

| 31 2.3 | 27 | 

28 2.4 | 33 4.3 

; | 24 1.8 | 18 2.8 

| 6.2 1.0 | 4.1 4.8 5, 

(>) 

Z Jan. 7 | 4.0 | 3.3 | 14 ay 

i Jan. 22 4.0 3.3 1.3 es 

Feb. 13 3.5 30 | 1: ees 

Feb. 28 4.4 | 3.3 

Mar. 14 3.6 | | 3.1 3.9 Ripe 

Mar. 24 3.6 3.4 4.1 

Apr. 1 | 44 | 42 | 36 

Apr. 9 44 40 | 40 | e 

Apr. 17 4.8 10.3 4.6 4.9 ate 

Apr. 15 | 4.4 10.7 4.0 14 

: May5 | 46 99 | 3.4 4.0 a 

May 13 4.4 | 8.8 4.1 3.4 “eas 

May 21 — | — 2.4 4.7 

: 3.6 8.4 3.3 3.7 vs 

26 6.9 3.0 3.5 

3.0 | 6.8 2.6 3.2 

— 

| | | | 
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TABLE II].—Maximum and Minimum Daily important to discriminate between sul- 


Averages of Anionic Syndets (in P.P.M. ‘ lf 2 
of fate and sulfonate detergents. 


Raw Sewage Laboratory experiments have already 
shown that there is a distinct difference 
1961 First Six in biological conversion between alkyl 


Months 1952 
sulfate and alkyl aryl sulfonate anionic 


nie. | Mon. | Min, detergents and nonionic detergents (2). 

These differences also have been ob- 
(a2) West AMSTERDAM served during sewage purification in 
the West Amsterdam plant, as is evi- 
dent from Table IV. 


Max. 


Alkyl sulfates 6.2;14] 48] 2.6 
Alkyl aryl sulfonates | 4.0/0.9 | 6.3 | 1.7 
Total anionic syndets | 8.5 | 3.9 | 10.7 | 5.7 
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TABLE IV.—Anion-Active Synthetic Detergents (in P.P.M.) in Different Effuents 
of the West Amsterdam Sewage Plant 


January 29, 1952 January 30, 1952 


January 31, 1952 April 15-May 1, 1952? 


Sample! Alkyl Alkyl .) | Alkyl Alkyl 
Alkyl Aryl Alkyl Aryl Al kyl Aryl Alkyl Aryl 
Sul- | guifo- | Total | Sul- | guifo. | Total | Sul- | gif. | Total | Sul- | gig. | Total 
fates | nates fates | nates fates | nates fates | nates 


Raw sewage 27119 46 134 | 18} 62 131 119 
Settled sewage 30 15 | 45 | 33 | 13 | 46 | 25 1.1 
Final effl., act. sl. | Nil | 0.8 | 0.8 | Nil | 1.0 | 1.0 | Nil | 0.4 | 0.4 — ooo _— 
Final eff., tr. filt. | Nil | 0.8 | 0.8 | Nil | 0.7 | 0.7 | Nil | 0.4 


1 24-hr. samples. 
2 Average of 14 samples. 
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APPENDIX—ROUTINE METHOD FOR DETERMINATION OF 
SULFATE AND SULFONATE ANION-ACTIVE SYNTHETIC 
DETERGENTS IN SEWAGE 


The total anionic active material 
(sulfate + sulfonate) is determined by 
extraction of the methylene blue-de- 
tergent complex by means of chloro- 
form and photoelectric estimation of 
the color intensity of the chloroform 
layer. The same procedure is repeated 
after acid hydrolysis, which yields the 
colorimetric value for sulfonate pres- 
ent. 

Conditions of extraction must be ad- 
justed so that possible interfering com- 
pounds (for example, nitrates, thio- 
cyanates, and salts of steroid hydrogen 
sulfates) are not simultaneously ex- 
tracted as methylene-blue derivatives 
by the chloroform. Cation-active syn- 
thetic detergents interfere in this 
method. 


1. Apparatus 


1.1. Photoelectric colorimeter. <A 
sensitive photoelectric colorimeter 
equipped with a monochromatic light 
source, either a lamp with color filter 
or a monochromator capable of pro- 
ducing a light of narrow spectral 
range which is predominately orange 
(600 mp.) 

1.2. Separatory funnels, 250-ml. 

1.3. Erlenmeyer flasks, 50-ml. 


2, Reagents 


2.1. Chloroform, e.p. 

2.2 Methylene-blue solution, 0.035 
per cent by weight of methylene blue 
(B.P. or U.S.P. grade) in 0.01N H,S0O,. 

2.3. Silver sulfate solution, 0.4 per 
cent by weight of silver sulfate, c¢.p., 
in distilled water. 

2.4. Sulfurie acid, 96 per cent. 

2.5. Sulfurie acid, 5N. 

2.6. Sodium hydroxide, ¢.p., in pel- 
lets. 

2.7. Hydrogen peroxide, 30 per cent 
by weight. 


3. Procedure 
Standardization 


3.0. Prepare a master solution of a 
standard sample of an anion-active 
synthetic detergent (mol. wt. about 
300) and analyze aliquots of this so- 
lution by the procedure described in 
3.1. Make up a ealibration curve. 
Compare the results of the analysis of 
unknown samples with the data ob- 
tained on the standard sample. 


Total Content of Anion-Active 
Synthetic Detergent 


3.1. Pipet 10 ml. of the sample into 
a 250-ml. separating funnel. Add 1 
ml. H.SO, (5N), 100 ml. of distilled 
water, 5 ml. of the methylene-blue 
solution, and 10 ml. of chloroform. 
[Note: If the sample contains thio- 
eyanates > 5 p.p.m. as CNS and chlo- 
rides < 300 p.p.m. as Cl, add also 1 
ml. of the silver sulfate solution before 
diluting the sample with 100 ml. of 
distilled water, etc. If the sample 
contains thiocyanates > 5 p.p.m. as 
CNS and chlorides > 300 p.p.m. as Cl, 
the thiocyanates should first be oxi- 
dized. After acidifying the 10-ml. 
sample with 1 ml. 5N H,SO,, add 1 ml. 
of 30 per cent H,O, and let stand at 
room temperature (20° to 30° C.) for 
10 to 15 min., and then dilute with 100 
ml. of distilled water, ete.] 

3.2. Shake gently (about two up and 
down movements per second) for 1 min. 
Allow to stand for some minutes. If 
necessary, stir the chloroform layer 
with an iron wire to break the emul- 
sion, then separate the chloroform 
from the water layer. (If the emulsion 
does not break, centrifuge the emulsi- 
fied layer.) Filter the chloroform 
layer through cotton wool into a 50-ml. 
standard flask. Repeat this extraction 
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twice with 10 ml. of chloroform and 
after the third extraction make up 
to volume accurately by adding chloro- 
form through the cotton wool. Place 
the colored chloroform solution in the 
photometer cell and determine the in- 
strument reading. Compare _ this 
reading with the calibration curve to 
determine the amount of extracted de- 
tergents (in p.p.m.) Make a blank 
determination according to the above 
procedure. 


Content of Sulfonate Anionic Deter- 
gents 


3.3. Pipet another 10 ml. of the 
sample into a 50-ml. Erlenmeyer flask. 
Add 1 ml. of concentrated sulfuric 
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acid (98 per cent) and reflux for 1 
hr. Add 1 drop of phenolphthalein 
solution, neutralize with NaOH pellets 
(about 10 to 12 pellets) to the phe- 
nolphthalein end point, and then 
acidify with 5N H,SO, until acidity 
has just been reached. Cool and pro- 
ceed as described under 3.1. and 3.2. 


Content of Sulfate Anionic Detergents 


3.4. This content is found by deter- 
mining the difference between the total 
detergent content (3.1. and 3.2.) and 
the sulfonate detergent content (3.3.) 


Repeatability 


3.5. Duplicate analyses may not dif- 
fer by more than 0.5 p.p.m. 


SECOND SOUTHERN MUNICIPAL AND INDUSTRIAL 
WASTE CONFERENCE SCHEDULED 


The Second Southern Municipal and Industrial Waste Conference, 
jointly sponsored by Duke University, University of North Carolina, 
and North Carolina State College, will be held at University of North 


Carolina, Chapel Hill, N. C., March 19-20, 1953. 
Conference will be ‘‘Clean Streams in Our Southern Economy.”’ 


The theme of the 
The 


Conference program of speakers will be available by January 15. 
Requests for copies of the program should be directed to Prof. D. A. 
Okun, School of Public Health, University of North Carolina, Chapel 


Hill, N. C. 
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ALGAE SYMBIOSIS IN OXIDATION PONDS 


II. Growth Characteristics of Chlorella pyrenoidosa Cultured in 
Sewage 


By J. Oswap, H. B. Goraas, Harvey F. Lupwie, 
AND Victoria LYNCH 


Respectively, Research Engineer, University of California; Professor of Sanitary Engineering, 


University of California; Sanitary Engineer Director, U.S.P.H.S., Washington, D. C.; 


and Research Microbiologist, University of California, Berkeley, Calif. 


Oxidation ponds are widely used in 
the west and southwest United States as 
a simple and economical means of sec- 
ondary sewage treatment. In the 
warmer climates, characteristic of this 
region, sewage in ponds decomposes 
rapidly, liberating principally ammonia 
and carbon dioxide. These compounds, 
together with adequate light, are the 
principal factors involved in the devel- 
opment of the green algae generally 
found in oxidation ponds. Among such 
green algae is Chlorella pyrenoidosa, a 
species frequently found near the pond 
outlet. C. pyrenoidosa is a well-known 
alga, widely used for laboratory experi- 
ments in photosynthesis and plant nu- 
trition. 

This paper is one of a series con- 
cerned with algae symbiosis in oxida- 
tion ponds. The first paper of the 
series (1) outlined the growth charac- 
teristics of a polysaprobie protozoan- 
like green alga, Euglena gracilis, when 
cultured in sewage. It introduced a 
number of relationships among the 
many variables influencing the com- 
plex biology of oxidation ponds. The 
application of these relationships to 
other algal species was unknown, and 
for this reason it was decided to repeat 
a major part of these experiments, uti- 
lizing a radically different alga. This 
paper deals with the growth character- 
istics of C. pyrenoidosa when cultured 
in sewage, and with the effects of the 
organism upon the sewage. 


In the ease of EF. gracilis, properties 
of the cells (such as form, shape, size, 
density, color, rate of growth and photo- 
synthesis, rate of respiration, vitality, 
and content of protein, carbohydrate, 
fat, ash, and various mineral ions) de- 
pend upon the environment to which 
the cells are exposed. 

Cells exposed to favorable conditions 
(abundant nutrients and adequate 
light) are small, dark green in color, 
highly motile, rapidly growing and re- 
producing, contain a minimum of lipid, 
and photosynthesize much more oxygen 
than they respire. Cells of this type 
were designated as ‘‘young’’ cells. 
‘*Old’’ cells were described as those 
crowing in an unfavorable environ- 
ment; they are mostly in the palmellar 
state, are large and fat, yellowish in 
color, reproduce slowly, and may pro- 
duce less oxygen than they require for 
respiration. 

The studies with Chlorella were con- 
ducted in the same culture tubes as 
used for studying Euglena. These are 
57-mm. pyrex tubes having a liquid 
volume of 1,200 ml., equipped with an 
internal cooling tube and peripheral 
30-w. daylight fluorescent lights. Ap- 
purtenances permit feeding and with- 
drawal of liquid on a continuous basis 
and provide for bubbling air through 
the culture to maintain homogeneity. 
The assembly is designed to facilitate 
aseptic techniques in handling of the 
liquids. 
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During the series of tests herein re- 
ported the following factors were main- 
tained at the following constant values: 
light, 1,200 fe. ; temperature, 25° C.; air 
bubbling rate, 500 ml. per minute; 
B.O.D. of influent (5-day, 25° C., War- 
burg), 110 p.p.m. The single independ- 
ent variable was the rate of application 
of sewage and equivalent withdrawal of 
the algal cell suspension. Since the 
total culture volume was held constant, 
the period that sewage was retained in 
the system was determined by the daily 
volume of sewage applied. This period 
has been designated as the retention pe- 
riod, R, defined as R = V/v, in which 
V is the culture volume in ml, v is the 
volume of feed or withdrawal in ml. per 
day, and R is expressed in days. 

In performing any single test the re- 
tention period was held constant over 
the entire testing period, usually from 
20 to 30 days. At the start of the test 
the 1,200-ml. tube was filled with sew- 
age that had been inoculated with a 
pure culture of C. pyrenoidosa previ- 
ously developed in sterile sewage in a 
separate culture flask. The content of 
the tube was then inoculated with a 
10-ml. suspension containing approxi- 
mately equal amounts of inoculum of 22 
strains of sewage bacteria.* Chlorella 
populations in the growth units at the 
start were then about 0.1 x 10° cells 
per ml. and bacterial populations were 
about 1 x 10° colonies per ml. Daily 
tests showed that with R > 3, the algae 
entered a logarithmic phase of multi- 
plication and increased to an equilib- 
rium population of approximately 35 x 
10° cells per ml. With R < 3, smaller 
equilibrium populations resulted. Un- 


* These bacteria were originally isolated 
from sewage from three different cities—San 
Francisco, Richmond, and Concord, Calif. 
They are maintained in the laboratory by 
transfer to fresh sewage agar at two-week in- 
tervals. They include the following tentative 
and incomplete identifications: Nine strains of 
Pseudomonas sp., five strains of Micrococcus 
sp., and one strain each of Bacillus subtilis, 
Alcaligenes faecalis, Escherichia coli, Flavo- 
bacterium sp., Streptococcus sp., Aerobacter 
sp., Proteus sp., and Neiserria sp. 
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der the regimen of continuous feeding 
and withdrawal, the equilibrium popu- 
lation for any condition may be main- 
tained indefinitely. When daily con- 
trol tests indicated that such equilib- 
rium had been attained, the entire cul- 
ture was sacrificed in order to have suf- 
ficient material for the numerous tests 
to be performed. 

The retention periods investigated 
for C. pyrenoidosa varied from 0.5 to 
8 days, and correspondingly the en- 
vironment to which the algae were ex- 
posed varied progressively from very 
favorable (abundant nutrients) to very 
unfavorable (a shortage of one or more 
nutrients). Because the B.O.D. of the 
sewage was held constant at 110 p.p.m.t 
throughout the series, the B.O.D. load- 
ing is inversely proportional to the re- 
tention period. For example, at a re- 
tention period of 0.5 day, the B.O.D. 
loading is 220 mg. per liter per day; 
whereas at a retention period of 8 days 
the B.O.D. loading is about 14 mg. per 
liter per day. 


Characteristics of Chlorella Cells 

The several criteria previously devel- 
oped (1), for evaluating the character- 
istic properties of Euglena cells in equi- 
librium cultures, were found to be ap- 
plicable to Chlorella cells with certain 
exceptions. 


1. Cell count, C. The number or 
population of cells per ml. of culture 
at*equilibrium. A hyperbolic curve re- 
sults when the cell counts are plotted 
as ordinates against elapsed time as 
abscissas, following the initial filling of 
the tube. Equilibrium is attained when 
the cell count, after increasing from its 
initial seed value, levels off at or near 
its maximum value. Equilibrium is 
usually reached, in the case of Chlorella, 
within a period of less than 10 days. 
A longer time is required to reach 
equilibrium when the retention period 
is shorter. 


t The technique of preparing and maintain- 
ing a constant natural sewage is described 
elsewhere (2). 
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2. Cell shape. C. pyrenoidosa cells 
do not vary in shape but remain ap- 
proximately spherical, whereas the 
Euglena cells alter from elongate to 
spherical. However, size changes and 
gross morphological variations do oc- 
cur, as noted later. 

3. Cell volume, V». The real volume, 
in cu. mm. of a million cells as deter- 
mined by direct microscopic measure- 
ment. This measurement was under- 
taken for EF. gracilis because cell shape 
had a decisive effect upon packing 
characteristics and altered the centri- 
fuged volume. In the case of Chlorella, 
the measured volume and packed vol- 
ume were found to be closely parallel, 
presumably due to the spherical nature 
of the cells. For this reason, real cell 
volume is not reported for Chlorella. 

4. Packed volume, V,. The centri- 
fuged volume, in ml., of the cells con- 
tained in 1 1. of culture, after centrifug- 
ing at 500 g. The result is a function 
of the cell count and the cell volume. 

5. Cell weight. The dry weight of 
cells in pg. (10°°g.) per million cells. 

6. Cell density. The dry weight of 
the cells, in mg. per cu. mm. of real 
volume. 

7. Cell index, J. The packed volume, 
in cu. mm., of a million cells. 

8. Cell color. This varies from dark 
green through yellow-green to yellow 
and brown, depending upon cell types 
and availability of nutrients. The in- 
tensity of green color depends pri- 
marily upon the chlorophyll content 
of the cells. 

9. Chlorophyll content, Ch. The 
amount of chlorophyll, in mg. per mg. 
of dry cell material, or in wg. per mil- 
lion cells. Chlorophyll is measured 
spectrophotometrically in methanol so- 
lution by the methods of Mackinney 
(3) and ealeulated on the basis of the 
methods of Comar and Zscheile (4). 
Values reported are the sum of chloro- 
phyll A and chlorophyll B. This 
measurement, not previously under- 
taken for Euglena, is now in routine 
use so that cell color changes may be 
systematically evaluated. 
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10. Cell types. Various cell types or 
forms of Chlorella cells are found, de- 
pending primarily upon eell ‘‘age.’’ 
These forms, when plotted with ordi- 
nates superimposed, develop what may 
be termed a ‘‘morphological phase 
diagram.’’ A similar diagram was de- 
veloped for Euglena (1). The morpho- 
logical phases for Chlorella are arbi- 
trarily described as follows: 


1. Unicell—Typical non-divided 
eell. 

2. Giant cell—A ‘‘young”’ cell un- 
divided. 

. Tetra cell—A giant cell showing 
four daughter cells either (a) 
within the old cell wall, or (b) 
newly separated from the old 
cell wall. 

. Diplo cell—A cell smaller than 
the giant cell and showing two 
daughter cells, either (a) 
within the old cell wall, or (b) 
newly separated from the old 
cell wall. 

Degenerate cell—An old cell 
showing little chlorophyll con- 
tent, large vacuoles, and many 
dark inclusion bodies. 

>. Clumping cells—Cells showing a 
tendency to form palmellae. 


11. Cell concentration, D. The oven- 
dry weight of the washed algal cells, 
expressed in mg. per liter of culture. 

12. Yield, Y. The oven-dry weight 
of washed algal cells obtained daily, 
expressed in mg. per liter per day. 


Growth Curves 


Two growth curves for C. pyrenoi- 


dosa are shown in Figure 1. Diagram 
A shows the number of cells and the 
size of the cells in a batch culture as a 
function of time. Diagram B shows a 
eross-plot of the equilibrium popula- 
tions and cell sizes in the continuous 
cultures as a function of the retention 
period. 

30th curves show that the cells, 
initially young and large, become small- 
est near the time of maximum popula- 
tion. With increasing age the cells, on 
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FIGURE 1.—Growth data for C. 


the average, become larger and continue 
to enlarge throughout their aging 
period. Both curves also show a 2-day 
or 3-day period near the apex where 
cell division continues at the expense 
of cell size. 

The similarity of the two curves is 
evidence that the retention period of 
continuous cultures represents the 
average age of the cells. Whether in 
batch or continuous culture, the indi- 
vidual algal cell may attain an age 
beyond which it can not divide, al- 
though it may continue to photosynthe- 
size cell material and increase in size. 
This may come about through loss of 
ability to synthesize protein or through 
failure to obtain nitrogen in compe- 
tition with younger cells. Diagram C 
of Figure 1 illustrates these morpho- 


pyrenoidosa cultured in sewage. 


logical changes, which may be observed 
with the microscope. 


Chlorophyll Content of the Cells 


Figure 2A shows that chlorophyll 
content of the individual cell falls off 
rapidly as retention period increases. 
This indicates that the chlorophyll is 
broken down or inactivated as the cells 
become older, or else the older cells 
upon division contributed less chloro- 
phyll to their daughter cells. Evidence 
sustaining the former possibility is in- 
dicated by the authors’ recent unpub- 
lished work on the effect of light on 
alegae growing in a sewage medium. 
With nutritional conditions remaining 
constant, the amount of chlorophyll 
present in individual cells is found to 
decrease as the amount of light avail- 
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able increased, whereas the rate of syn- 
thesis first increases and then decreases. 
Evidently chlorophyll is broken down 
in more highly illuminated, and older, 
cultures to a greater extent than in 
younger, less illuminated cultures. 
However, in even the oldest continuous 
cultures, as shown in Diagram C of 
Figure 1, a percentage of the cells re- 
main young and retain the capacity 
to multiply. The burden of new cell 
synthesis may fall upon a diminishing 
percentage of cells as the average cul- 
ture age increases. 

The effect of the nutrition factor on 
chlorophyll production is shown by 
Figure 2B, which shows the chlorophyll 
content of the cell, in percentage of its 
total dry weight, as a function of the 
amount of applied food material. In 
the range where nutrition is limiting 
(that is, less than about 50 mg. per liter 
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per day), where R > 2.2 days, the per- 
centage of chlorophyll decreases as nu- 
trition becomes more limited. 


Chlorophyll Content and 
Synthesizing Ability 


The relationship between cell chloro- 
phyll content and cell synthesizing 
ability may be expressed as the ratio,’ 
mg. of cell material synthesized per day 
per mg. of chlorophyll present. In the 
range of limited nutrition (that is, 
where the B.O.D. loading is less than 
50 mg. per liter per day), this ratio 
remains approximately constant at a 
value of 25. 

At nutrient loadings greater than 50 
mg. per liter per day, the ratio rapidly 
inereases. This may be due to the 
ereater light penetration attained at 
short retention periods, as a result of 
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FIGURE 2.—Production of chlorophyll A + B at lighting intensity of 1,200 foot-candles. 
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FIGURE 3.—Oxygen relationships for Chlorella cultured in sewage. 


the marked decrease in density and tur- 
bidity of the culture. 


Oxygen Production 


In accordance with the simplified 
photosynthetie equation— 


Light 
2 CO, +2 H,O—+2 (CH,O) +0, 


—the production of cell material is ae- 
companied by a stoichiometric produc- 
tion of oxygen. The generally accepted 
pattern of this reaction is that oxygen 
is derived from the photochemical de- 
composition of the water molecule, 
rather than from a splitting of the CO, 
molecule. The CO, molecule serves as 
a hydrogen acceptor within the algal 
cell, resulting in production of a sub- 
stance of the general formula CH,O, 
which may be termed ‘‘primary cell 
material.’” The oxygen is liberated 
outside the cell and may then serve as 
the ultimate hydrogen acceptor for bac- 
terial respiration in the aerobie de- 
composition of sewage. Thus, water 
serves as a hydrogen donor for the re- 
duction of CO, in algal photosynthesis, 


6 


4 5 7 8 


IN DAYS 


and the liberation of oxygen is inci- 
dental to the process. 

The oxygen liberated by Chlorella 
under varying B.O.D. loadings, under 
the experimental conditions, is shown 
in Figure 3. The curve of oxygen pro- 
duction reaches a maximum at a reten- 
tion period between one and two days, 
and is similar in pattern to the curve 
showing cell yield (Figure 5). These 
oxygen production values were calcu- 
lated on the basis of Warburg respi- 
rometer tests of Chlorella cells under il- 
lumination of approximately 300 foot- 
candles, as previously outlined (1). 
From these data the gross oxygen vield 
is computed, allowing for respiration 
both of the algae and bacteria in the 
system. This large excess of oxygen 
is in agreement with earlier findings 
for E. gracilis, which, under continu- 
ous lighting, was found to liberate 
oxygen in excess of the respiratory re- 
quirement of all organisms in the sys- 
tem up to a retention period of 16 days. 
However, due to the higher rate of 
growth, and perhaps due to its smaller 
size, Chlorella produces an excess of 
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oxygen greater than that produced by 
Euglena. 

On the basis of chemical analysis of 
the cell material, using the method de- 
scribed by Myers (5), the ratio of 
CO,/O, for Chlorella grown under con- 
tinuous lighting in sewage is found to 
be —0.75. This value is in agreement 
with that reported by Myers for similar 
conditions. Utilizing this ratio and the 
previously noted chlorophyll determi- 
nations, calculations show that 66 mg. 
of oxygen per day may be produced by 
that weight of Chlorella which contains 
1 mg. of chlorophyll at a light intensity 
of 1,200 foot-candles. This finding 
agrees with initial rates obtained in the 
Warburg respirometer at 300 foot- 
candles, and indicates that Chlorella is 
an excellent oxygen producer when 
grown in sewage under continuous 
lighting, particularly when an abun- 
dance of nutrients is supplied. It may 
also indicate that little added yield is 
obtained by increasing light intensity 
from 300 fe. to 1,200 fe. 


Symbiotic Sewage Treatment 


The liberation of large amounts of 
oxygen by Chlorella over the entire 
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range of B.O.D. loadings studied, sug- 
vests that a high degree of sewage treat- 
ment (that is, bacteriological stabiliza- 
tion) may be induced by this liberated 
oxygen. Figure 4 compares the B.O.D. 
of the influent sewage with that of the 
eulture, and of the algae-free culture 
supernatant. Despite the availability 
of oxygen in the culture, the B.O.D. of 
the clear supernatant is high compared 
to that obtained for Euglena super- 
natants. The B.O.D. of the whole 
effluent is similarly higher than for 
Euglena. It is much higher than that 
of the influent sewage for all but the 
shortest retention periods. 

In support of these findings, bacterio- 
logical examination of the mixed liquor 
from the cultures showed a low bac- 
terial population compared to bacterial 
populations attained in similar systems 
in the absence of algae and in systems 
containing FE. gracilis, as follows: 


Bacteria Recovered at Equilibrium Conditions 


Colonies 
per ml. 


Sewage plus bacteria 1 X 105 
Sewage plus bacteria plus Euglena 5 X 107 
Sewage plus bacteria plus Chlorella 1 X 108 
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FIGURE 4.—Comparison of B.O.D. of influent sewage with B.O.D. of Chlorella culture 
and of culture supernatant. 
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Similar findings have previously been 
reported (6)(7). This evidence indi- 
cates that some factor inhibits bacterial 
action upon the sewage substrate while 
the Chlorella cells are present. The 
fact that the supernatant exerts a rela- 
tively high B.O.D. suggests that bae- 
terial growth is less inhibited following 
the physical removal of the Chlorella 
cells. As previously noted, comparable 
supernatants from Euglena cultures 
had lower B.O.D. values, ranging from 
10 to 20 mg. per liter. 

In another series of tests, Chlorella 
was found to grow more vigorously and 
give higher yields of cell material in 
sterile sewage than it did when bacteria 
were present. 


Yield of Algal Cell Material 


Figure 5 shows the manner in which 
the yield of algal cell material increases 
with increased B.O.D. loading (reduced 
retention period). These data cor- 
respond closely to the data presented 
for Chlorella by Cook (8), differing 
only in the lower magnitude of the 
yield. In Cook’s studies an extra sup- 
ply of CO, was made available to the 
algae by fortifying the CO, content of 
the bubbling air-to 5 per cent. 


RETENTION 
FIGURE 5.—Yield and density of Chlorella cultured in sewage. 
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Calculations based upon algal cell 
analyses and sewage analyses indicate 
that the principal factor limiting in- 
creased yield at long retention periods, 
or low B.O.D. loadings, is a lack of 
earbon. The amounts of various nu- 
trient elements made available when 
the B.O.D. loading is 15 mg. per liter 
per day are compared with the amounts 
required in the following: 


| Nutrient (mg. /1. /day) 


c|NIP K | Ca | Me 


1.00 | 1.90 | 3.00 | 1.10 


Available in sewage |13.2 |3.00 


24.0'| 1.42 


110.8 mg. supplied from bubbling air. 


pyrenoidosa 


0.62 ‘on 0.14 


E. gracilis gave yields comparable to 
those of Chlorella, in spite of its slower 
growth rate. 

Figure 5 shows that as the retention 
period is increased the density of the 
culture, expressed in mg. of cell mate- 
rial per liter of culture, increases con- 
tinuously. This increase in density re- 
sults in a reduction of the light enter- 
ing the culture. Also, it results in a 
high B.O.D. load upon the system, due 
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TABLE I.—Comparative of E and Chlorella Cultured in 


Dry 
Algae Weight 


Per Cent of Dry Weight 


(mg./1.) 


F. gracilis 368 
C. pyrenoidosa 390 


4.0 19 | 0.38] 1.5 | 0: 11 
2.9 | 1.3 a 1. 2 17 


to the increasing respiratory require- 
ments of the algal cells. 


Composition of Cell Material 


The comparative analyses of E. graci- 
lis and C. pyrenoidosa (Table I) indi- 
cate that sewage-cultured Chlorella and 
Euglena are of similar composition. 
They differ mainly in carbon and nitro- 
gen content; that is, in the C/N ratio. 
The analyses of Table I are for algae 
grown at a retention period of 8 days. 
This retention period is slightly above 


optimum for Euglena, but is greatly 


above optimum for Chlorella. The re- 
sult is a higher C/N ratio for Chlorella, 
indicating storage of carbohydrate in 
the older cells. Since the culture den- 
sity, D, continuously increases, whereas 
the population remains constant, the 
density of the individual cells increases 
with age, presumably because of stor- 
age of carbohydrates. 


Carbon Balance 
When grown experimentally in an 
inorganic medium, Chlorella is often 
supplied with air containing 5 per cent 
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FIGURE 6.—Carbon balance for Chlorella cultured in sewage. 
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CO,. This results in yields high above 
those obtainable with sewage and plain 
air. Probably higher yields of Chlo- 
rella in sewage could oceur if more car- 
bon were available from bacterial de- 
composition of the organic matter ; but, 
as previously noted, bacterial examina- 
tions and B.O.D. determinations on the 
supernatant indicate that Chlorella in- 
hibits bacterial decomposition of the 
sewage, thereby imposing a self-limit- 
ing factor upon its own growth. In 
the tests reported, only two other 
sources of carbon were available to 
Chlorella—the carbon contained in the 
alkalinity of the sewage and in the air 
employed for bubbling. The utiliza- 
tion of either of these carbon sources 
does not contribute to sewage treatment. 
Figure 6 shows the sources of carbon 
and its fate during the tests, as a fune- 
tion of retention period. The greatest 
source of carbon is from bubbling air. 
Reduction in alkalinity accounts for 
only a small fraction of the total carbon 
utilized. It is probable that Chlorella 
utilizes carbon sources (sugars) other 
than CO,. The direct use of carbon 
sources independent of bacterial activ- 
ity may partially account for the fair 
degree of sewage treatment obtained 
even though bacterial growth is in- 
hibited. 

Figure 6 includes a curve showing 
the pH of the culture at a varying re- 
tention period. With increasing reten- 
tion period, up to R = 2.2, the pH of 
the culture increases, to a maximum of 
9.6. Evidently the amount of carbon 
dioxide abstracted from the sewage 
alkalinity increases with retention pe- 
riod, with a corresponding increasing 
release of hydroxyl ions, up to R = 2.2 
days. The reduction in alkalinity 
which also occurs is not associated with 
the abstraction of carbon, as explained 
previously (1). 


Conclusions 


Algae cells growing together with 
bacteria in laboratory culture units, 
with temperature and lighting constant, 
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are greatly affected by the rate of ap- 
plication of nutrient sewage. At high 
rates of sewage application, correspond- 
ing to short retention periods, the cells 
are young, vigorously multiply, and 
photosynthesize abundant quantities of 
oxygen and cell material. As the reten- 
tion period is increased, or the rate of 
loading decreased, the cells tend to re- 
main in a vigorous multiplying state 
at the expense of cell size, but eventu- 
ally at longer retention periods an in- 
creasing percentage of the cells cease 
to multiply and enter a phase of cell 
enlargement that leads ultimately to 
senescence and death. Senescent algae 
are yellow, low in chlorophyll, multiply 
infrequently, and may photosynthesize 
less oxygen than they consume in respi- 
ration. In the case of Chlorella, autoly- 
sis of older cells may serve as a meager 
source of nutrition for new cells, but 
their ultimate death leads to putrefac- 
tive decomposition and to effluent 
B.O.D. magnitudes far exceeding those 
of the influent sewage. 

A continuous culture at some par- 
ticular retention period resembles in 
many ways a batch culture having an 
age equal to that retention period. 
However, in batch cultures the organ- 
isms are in a changing nutritional en- 
vironment, whereas in continuous cul- 
tures at equilibrium the environment 
is constant. For this reason the con- 
tinuous cultures furnish experimental 
material for study of algal physiology 
in quantities that can be made available 
in no other way. By relating such labo- 
ratory findings to the natural phenom- 
ena in lakes, reservoirs, and ponds, 
where the sources of nutrients vary 
with the seasons, the reasons for sud- 
den occurrence and death of algae may 
become apparent. For example, if nu- 
trient materials enter the water body 
at some particular time, but no subse- 
quent sources of nutrient are made 
available, bloom may occur and then be 
followed by senescence, death, and 
putrefaction. 

Both Chlorella and Euglena have 
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been found to photosynthesize rapidly 
in a rich nutritional environment. Both 
tend to overextend their populations at 
the expense of parent cell material, and 
both pass through a microscopically ob- 
servable series of morphological phases 
that remain remarkably constant when 
nutritional conditions are constant. 
Both algae enter a senescent phase that 
is marked by reduced photosynthetic 
capacity, yellow color, reduced chloro- 
phyll content, and increased tendency 
toward cell enlargement with accom- 
panying higher respiration rates. In 
both eases, if the cells are removed from 
the mixed liquor after growth, the su- 
pernatant has a low B.O.D. that ap- 
pears to be essentially independent of 
retention period. 

These similarities are offset by the 
following differences: Chlorella grows 
more rapidly than Euglena, entering 
the various phases at lower retention 
periods. Chlorella tends to autotrophic 
nutrition, and may decidedly inhibit 
the saprophytie bacteria necessary to 
the first-stage decomposition of sewage. 
By inhibiting such bacterial action, 
Chlorella may limit the carbon and ni- 
trogen made available for its continued 
growth. Also, there is some evidence 
indicating that certain bacteria may in- 
hibit the Chlorella itself. Euglena on 
the other hand, being a facultative 
saprophyte, appeared to grow better in 
the presence of sewage bacteria than in 
sterile sewage. There is no evidence of 
specific bacterial inhibition by Euglena 
gracilis (7). 

In spite of its slower rate of growth 
Euglena compares favorably with Chlo- 
rella in the yield of cell material when 
grown in sewage. Cell-free superna- 
tants from Euglena cultures are lower 
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in B.O.D. than are Chlorella superna- 
tants, and the whole effluents from 
Chlorella cultures show a high B.O.D. 
as compared to Euglena whole effluents. 


Summary 


Chlorella pyrenoidosa has been grown 
in continuous culture on preserved sew- 
age in the presence of sewage bacteria 
in continuous light and at constant 
temperature. The morphology and 
physiology of this alga are greatly af- 
fected by the rate of sewage applica- 
tion. Symbiotic activity is reduced be- 
cause of bacterial inhibition by Chlo- 
rella. The sewage treatment afforded 
by Chlorella and by the bacteria not in- 
hibited by its presence is satisfactory 
but poor when compared with treat- 
ment obtained with Euglena gracilis. 
The results of the present experiments 
with Chlorella pyrenoidosa are com- 
pared to those previously reported for 
Euglena gracilis and are found to be 
generally comparable. 
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THIRD QUARTER CONTRACTS TOTAL $43,000,000 


Contracts for the construction of 161 
sewage treatment plant projects, cost- 
ing $43,000,000 were awarded by 
municipalities in 39 states during the 
third quarter of 1952, according to the 
U. S. Public Health Service. Of the 
161 projects, 103 are for new plants 
and 58 are for replacements, additions, 
or enlargements. A total of 3,408,200 
people will be served by the projected 
facilities. 

The report is based on data obtained 
from state water pollution control agen- 
cies, the F. W. Dodge Corporation, and 
other construction news sources. 

Thirty-nine states are represented on 
the list of projects reported for the 


third quarter. Of the 103 new plant 
projects, 13 are in California; 11 in 
Texas; 8 in Ohio; 7 in Florida; 6 each 
in Oregon and Pennsylvania; 5 in 
Georgia; 4 each in New York, Okla- 
homa, and Arkansas; and 3 each in 
Michigan, Minnesota, and Wisconsin. 
The remaining 26 new plants are scat- 
tered through 20 other states. Of the 
58 additions, enlargements, or replace- 
ments, 11 are in California; 5 each in 
Ohio and Texas; 4 in Wisconsin; and 
3 each in Illinois, Michigan, and Penn- 
sylvania. The remaining 24 improve- 
ment projects are scattered through 16 
other states. 
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DESIGN FEATURES OF THE CLEVELAND SOUTHERLY 
SLUDGE HEATER INSTALLATION * 


By FRANK S. PALocsay 


Principal Engineer, Havens and Emerson, Consulting Engineers, Cleveland, Ohio 


Before describing the design features 
of the Cleveland Southerly sludge 
heater installation, a brief review of 
factors entering into the design is in 
order. 

Easterly plant sludge, amounting in 
1951 to an average of 527,300 g.p.d. 
of combined primary and excess acti- 
vated sludge concentrated to an aver- 
age solids content of 3.25 per cent, is 
pumped approximately 13 mi. to the 
Southerly site, where it is merged with 
an average of 83,750 g.p.d. of sludge 
from a Southerly abbreviated aeration 
plant. This combined sludge is now 
digested in one or more of 12 heated 
digestion tanks arranged in two bat- 
teries of six hexagonal tanks each. 
Each battery is built around a hexago- 
nal control chamber, each wall of which 
is common to one tank. Individual di- 
gestion tanks have a liquid volume of 
160,167 cu. ft. giving a total combined 
capacity of 1,925,000 eu. ft. Gas pro- 
duction in 1951 averaged 710,000 cu. 
ft. per day. 

The Southerly plant, which has been 
in operation for almost 25 years, serves 
an area which has developed rapidly 
during recent years. Need for expan- 
sion to meet the growth led to studies 
which resulted in decision to change 
from Imhoff tank-trickling filter treat- 
ment of the sewage to the activated 
sludge process. Principal reasons for 
this change in the treatment process 
were the high cost of cleaning badly 
clogged inert trickling filters and, fur- 

* Presented at 1952 Annual Meeting, Ohio 


Sewage and Industrial Wastes Treatment Con- 
ference; Toledo, Ohio; May 21-23, 1952. 
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ther, a desire for works at a hydraulic 
elevation which permits of complete 
treatment at higher stages of the Cuya- 
hoga River. The general plan evolved 
for meeting these conditions provides 
for treating an average flow of 68 
m.g.d. as appropriate to the year 1970. 


Plant Units 


When completed, the plant will be 
comprised of single-story primary set- 
tling tanks; aeration tanks; sludge set- 
tling tanks; separate heated sludge 
digestion tanks; and tanks for elutria- 
tion of sludge, supernatant, and fil- 
trate; and inclusive of sludge condi- 
tioning, vacuum filtration, and inciner- 
ation. 

Heated sludge digestion capacity is 
being increased to 2,887,500 cu. ft. by 
the construction, now nearing comple- 
tion, of an additional battery of six 
tanks identical to those of initial con- 
struction as to arrangement, size, and 
capacity. 

In carrying out the planned pro- 
gram, the existing Imhoff tanks will be 
remodeled and converted to unheated 
secondary digesters, but with provision 
for gas collection by the installation of 
steel floating covers. The converted 
Imhoff tanks will provide 1,400,000 eu. 
ft. of secondary digestion capacity. 

Upon completion of the program, di- 
gestion capacity will total 4,287,500 eu. 
ft., adequate for 1970 conditions, when 
Easterly sludge is expected to average 
845,600 g¢.p.d. and Southerly sludge 
366,900 ¢g.p.d., or a total of 1,212,500 
g.p.d. of sludge averaging 3.4 per cent 
solids. 
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Available Heat 


The original digestion tanks at the 
Southerly site are heated by means of 
2,500-ft. spiral coils of 3-in. pipe, with 
an average surface area of 2,093 sq. ft., 
in each tank. Heat is provided by four 
gas and two dual-fuel (gas or oil) hot- 
water boilers in each of the two con- 
trol chambers (Figure 1), each boiler 
having an output capacity of 1,536,000 
B.t.u. per hr. or a total of 442,368,000 
B.t.u. per day. In addition, heat avail- 
able from the cooling water from two 
420-h.p. gas engine-driven blowers 
amounts to approximately 4,000,000 
B.t.u. per hr., equal to 96,000,000 B.t.u. 
per day. 

To raise the temperature of Easterly 
and Southerly sludge under 1951 con- 
ditions from 50° F. (winter) to 90° 
F. (assumed optimum), 203,684,000 
B.t.u. would be required per day; 


SLUDGE HEATER 39 


77,000,000 B.t.u. are required to com- 
pensate for radiation losses. It is obvi- 
ous that adequate heat was available, 
yet it had been practically impossible, 
for long periods of time, to keep the 
desired temperatures in the digesters. 
During 1951, monthly average diges- 
tion tank temperatures ranged from a 
low of 66° F. in December to a high 
of 77° in August, September, and Oc- 
tober, whereas the desired temperature 
would range from 85° to 90°. 


Heat Transfer Loss 


Investigation disclosed that scaling 
and deposits on the coils had reduced 
their heat transfer value within one 
and one-half years after construction 
to 7.9 and in five and one-half years 
to 4.4 B.t.u. per hour per square foot 
per degree temperature differential. 
After cleaning the coils, the heat trans- 


FIGURE 1.—East bank of heat exchangers in control chamber A. One of six existing 
hot-water boilers is visible on upper level at center. 
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fer coefficient was substantially in- 
creased, but it has again dropped. 

Studies on sludge heating indicated 
that to provide adequate heat to the 
existing and new digesters would re- 
quire increasing the heating coils in 
the 12 existing tanks by 35 per cent 
and installing 35 per cent more coil 
surface in the new tanks than there is 
in the existing; or to double the 
amount of heating coils in the pro- 
posed six new digestion tanks over that 
in the existing tanks. Additional wa- 
ter-heating boiler capacity and circu- 
lating pump capacity would also be re- 
quired. 

It also was found that, with the coil 
heaters, there was considerable varia- 
tion in temperature at different points, 
varying anywhere from 4° to 18° in 
zones from top to bottom and with cold 
spots evident at various locations in the 
tanks. Then too, fluctuations in the 
amount of liquid sludge entering the 
digestion tanks (and, at times, its low 
initial temperature, especially when 
tank temperature was considerably be- 
low the optimum) had the effect of 
causing considerable variations in gas 
production—as, for example, from 
16,000,000 to 37,000,000 cu. ft. in one 
month. Obviously, too, production was 
lowest in winter when the need for gas 
was greatest. 


Heater Studies 


Since best utilization of digestion 
tank capacity and optimum sludge di- 
gestion and gas production are closely 
related to the maintenance of rela- 
tively high temperatures controlled 
within a quite narrow range, studies 
were directed to determining the best 
means for accomplishing that objective. 
Not only was it important that, for the 
expanded plant, gas production be as 
high and as uniform as possible, but 
there also was the desirability of utiliz- 
ing most efficiently all available waste 
heat from the existing and proposed 
gas and dual-fuel engine-driven blow- 
These factors had much influence 
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on the choice of the type of heating 
to be used. 

Studies were made on various meth- 
ods of digester heating, both internal 
and external, and on various types of 
external heaters. It was concluded 
that, to accomplish the desired objec- 
tive, sludge should be heated to opti- 
mum temperature before discharge into 
the digestion tanks and in such manner 
as to utilize all engine waste heat. It 
was determined that this could best be 
accomplished by the use of external 
heaters of the heat exchanger type. 

The 12 existing hot-water boilers 
were found to be in good condition and 
could be expected efficiently to supply 
hot water for use in heat exchangers. 
It was decided to continue their use in 
connection with heat exchangers, rather 
than to install self-fired conventional- 
type external sludge heaters. To this 
end, 10 external heat exchangers are 
now being installed at the Southerly 
plant. 


Amount of Heat Required 


It is pointed out that, for expected 
1970 conditions, the heat required to 
raise the estimated 1,212,500 g.p.d. of 
Easterly plus Southerly sludge from 
50° to 90° F. is 414,166,000 B.t.u. per 
day, with 115,500,000 B.t.u. additional 
in winter to compensate for radiation 
losses, or, at worst conditions, a total 
of 529,666,000 B.t.u. per day. 


New Units 


To preheat all incoming sludge, 
eight 2,500,000-B.t.u. per hr. output 
heat exchangers (Figure 1) are being 
installed in original control chamber 
A (Figure 1). Control chambers were 
fortunately built of ample size to per- 
mit of this installation. Sludge pre- 
heated to 90° F. will be discharged 
into any one or more of the 18 (12 
original and 6 new) digestion tanks. 

Radiation losses in the 12 original 
digestion tanks will be compensated for 
by the continued use of the heating 
coils, through which hot water will be 
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circulated as required to maintain the 
optimum temperature. Radiation losses 
in the 6 new digestion tanks will be 
made up by recirculating the digester 
contents through two external heat ex- 
changers installed in the new control 
chamber ©. These exchangers are 
similar to those used for preheating 
sludge, except that they have an out- 
put capacity of only 1,000,000 B.t.u. 
per hour. No coils or boilers are being 
provided for the new digestion tanks. 

Initially, incoming cold sludge will 
be circulated through two of the eight 
preheaters, where sludge temperature 
will be raised as much as possible by 
utilizing all gas engine waste heat. The 
balance of the heat necessary to raise 
the sludge to the optimum temperature 
will be supplied in any or all of the 
remaining six heat exchangers in con- 
trol chamber A by circulated heated 
water available from the existing 12 
boilers, over and above that required 
for making up radiation losses. 

Boiler-heated water will continue to 
be circulated through the pipe coils of 
the 12 original digesters, as well as 
through the two new smaller heat ex- 
changers in the new control chamber 
C, for compensating for radiation 
losses. There will be no interconnection 
between gas engine heated and boiler 
heated water. 

When the proposed new activated 
sludge plant is in actual operation and 
Southerly sludge is being digested, 
there will be available from the exist- 
ing gas engines and from the proposed 
new engines a total of approximately 
230,000,000 B.t.u. per day of waste 
heat. This, when added to boiler ca- 
pacity of 442,368,000 B.t.u., giving a 
total of 672,368,000 B.t.u. per day, 
will be more than adequate to offset the 
total 529,666,000 B.tu. per day re- 
quired under maximum conditions to 
preheat all sludge from 50° to 90° F., 
and to compensate for all radiation 
losses in the 18 digestion tanks, and 
for 1970 conditions. When the new 
gas engines are in operation, two 
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sludge preheating heat exchangers will 
be switched from boiler water to gas 
engine waste heat in order to utilize 
waste heat to best advantage and for 
maximum gas utilization. Four pre- 
heaters will then remain on boiler 
heated water. 


Heat Exchanger Details 


The eight external heat exchangers 
installed for preheating sludge are of 
a standard commercial design, 4 ft. 6 
in. wide by 6 ft. 9 in. high by 17 ft. 8 
in. over-all length, with 24 6-in. stand- 
ard weight steel tubes having a total 
heat exchange surface area of 525 sq. 
ft. Sludge will be circulated through 
the tubes at a rate of 350 g.p.m. at 3.8 
ft. per sec. velocity. 

Concentric with and outside of the 
sludge tubes are 8-in. tubes to provide 
an annular space through which hot 
water will be circulated by means of 
centrifugal pumps. All pipe tubes are 
held firmly in position by special mul- 
tiple-gasket joints so arranged that 
any leakage from the sludge tubes may 
be easily observed from the outside of 
the unit. Sealing of joints between the 
jacket water tubes, the end plates, and 
the return box fittings is so arranged 
that no leakage can occur between 
jacket water tubes and sludge tubes, 
thus assuring against contamination of 
hot water by any material circulated 
through the sludge tubes. Return 
bends are easily and independently re- 
movable so that the sludge tubes may 
be opened for inspection at both ends 
of each section without disturbing the 
jacket water tubes or jacket return 
boxes. All tubes may be removed for 
complete inspection or replacement. 

The two recirculated sludge heaters 
are of the same general construction, 
but with tubes 10 ft. long and with 
210 sq. ft. of surface area each. Heat 
transfer of the sludge heaters is based 
on 100 B.t.u. per hour per square foot 
per degree temperature differential, al- 
though it has been demonstrated that 
with circulated hot water the actual 
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heat transfer coefficient is nearer 150 
B.t.u. This makes a substantial allow- 
ance for possible loss of heat transfer 
efficiency due to caking of the sludge 
coils between cleanings. It should be 
noted, also, that the hot-water tem- 
perature can be readily controlled to 
give extreme flexibility for any varia- 
tion in sludge heating requirements. 


Operation 


The sludge heating operation is as 
follows: 


Sludge is delivered to the concentra- 
tion tanks, from which it will be 
pumped directly through the heat ex- 
changers supplied by gas engine heat 
and then through as many of the other 
heaters as is necessary to bring the 
sludge to the optimum temperature 
(90° F.), after which the sludge will 
be discharged to any one or more of 
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the 18 digestion tanks as desired by the 
operator. Sludge heaters are so piped 
(Figure 2) that sludge can be passed 
through them in parallel, in series, or 
in any desired combination. Indicat- 
ing thermometers are provided at all 
water and sludge inlets and outlets and 
recording thermometers are provided 
on ail sludge and hot-water inlet and 
outlet headers to give a permanent 
record of heater operation and effi- 
ciency. 

It is recognized as important for 
good digestion that incoming sludge 
be seeded with digesting sludge. With 
external sludge preheaters this is usu- 
ally accomplished by recirculating 
sludge at the same time that sludge is 
being preheated, thereby mixing some 
of the recirculated sludge with pre- 
heated sludge. At Southerly, seeding 
can be accomplished by turning over 
the contents of the digester receiving 


FIGURE 2.—Piping and heating water pumps in south end of control chamber A. 
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sludge at the same time that preheated 
sludge is being introduced, or immedi- 
ately thereafter. Pumps and piping 
have been provided and arranged for 
this purpose. 

No data can be given of the opera- 
tion of the sludge heater installation as 
it has not as yet been put into service. 
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The Southerly project of improve- 
ment and expansion is under the De- 


Household food waste disposers are 
to replace the garbage man in Shore- 
wood Hills, Wis., a suburb of Madison. 
According to L. J. Tooley, Village Man- 
ager and Engineer, the plan first was 
discussed after the village faced an 
increase in garbage collection costs be- 
cause of the growing reluctance of 
farmers to feed garbage to their live- 
stock. The disposal units will shred 
food wastes and flush them to the 
sewers, thereby eliminating the prob- 
lems faced with truck collections. 
The village decided to install the 
electric food waste disposers at village 
expense after studying reports from 
Jasper, Ind., which two years ago in- 
stalled disposal units on a ecommunity- 
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ANOTHER COMMUNITY-WIDE INSTALLATION OF 
HOUSEHOLD FOOD WASTE DISPOSERS 
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partment of Public Utilities, City of 
Cleveland, of which Emil J. Crown is 
Director. 

The planning of improvements at the 
sewage treatment plant is under the di- 
rection of G. Earl Flower, Commis- 
sioner of Sewage Disposal. Construc- 
tion is under the supervision of Frank 
J. Schwemler, Commissioner of Utili- 
ties Engineering, City of Cleveland. 
Design was by Havens and Emerson, 
Consulting Engineers, Cleveland, Ohio. 


wide basis and found that general 
health and sanitary conditions had im- 
proved considerably (see THis Jour- 
NAL, 22, 3, 288; 22, 9, 1138; 23, 3, 278; 
and 24, 12, 1466: Mar. and Sept., 1950; 
Mar., 1951; and Dee., 1952). 

The disposal units are to be pur- 
chased by the village, which will retain 
title and install them in all homes in 
the community. Payments will be 
made from village funds over a period 
of 10 years. Annual amortization cost 
over the 10-year period will be about 
equal to the current yearly collection 
expense. Installation of the units be- 
gan in November, 1952, with an ex- 
pectancy of completing the project in 
about eight months. 
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TREATMENT OF FINISHING PROCESS WASTES AT 
THE TERNSTEDT INSTRUMENT PLANT * 


By A. W. SunpwIckK AND J. DELOos 


Respectively, Engineer-in-Charge, Process Engineering Dept.; and Chemist, Ternstedt Division, 
General Motors Corp., Plymouth, Mich. 


The Ternstedt instrument plant in 
Livonia, Mich., started operations in 
the spring of 1951 with a contract to 
produce range finders for the Army 
Ordnance Department. The manufac- 
turing operations included the applica- 
tion of an anodized and black-dyed sur- 
face to aluminum alloy castings and 
several chemical surface treatments for 
bronzes, brasses, and steels, besides the 
machining and assembly operations re- 
quired to produce a finished instru- 
ment. The waste disposal problems dis- 
cussed here are concerned only with 
the chemical solutions used for apply- 
ing these surface finishes. 

Due to the inadequacy of the city’s 
sanitary sewage system, it was neces- 
sary that all of the process wastes be 
discharged into an open stream. This 
small stream, which has a total flow of 
approximately 10,000 g.p.h., is a tribu- 
tary of the Rouge River, which flows 
through a residential area and through 
Rouge Park. Plant management rec- 
ognized it as a responsibility to the 
community to make every effort to pre- 
vent any unnecessary pollution of the 
stream. To do this, it was necessary to 
set up methods and equipment which 
would remove harmful or undesirable 
elements from the waste process waters 
before discharging them from the plant. 

In the absence of knowledge of any 
maximum allowable limits of concentra- 


* Presented at 1952 Annual Meeting, Michi- 
gan Sewage and Industrial Wastes Assn.; 
Traverse City, Mich.; May 19-21, 1952. 


tions of the elements under considera- 
tion, plant standards were set up for 
copper, chromium, zine, iron, and man- 
ganese, based on the requirements of 
the U. S. Publie Health Drinking Wa- 
ter Standards of 1946. 


Sources of Pollution 

The plant processes necessitate the 
use of 20 different chemical solutions. 
These are contained in 73 different 
process and rinse tanks. The greatest 
volume of untreated waste water is in 
the form of dilute solutions of sulfuric 
acid, chromic acid, sodium dichromate, 
nickel acetate, Nigrosine black (black 
dye), and caustic soda. These are the 
result of rinsing the processed part af- 
ter removal from the processing solu- 
tions. To limit the volume of the total 
solution which has to be treated, so- 
called ‘‘drag-out’’ tanks have been in- 
stalled. These tanks are placed next to 
each process tank and are used to rinse 
the major amount of the relatively con- 
centrated process solution from the 
parts before they are rinsed clean in a 
‘‘flowing rinse.’’ Process and rinse 
tank sequences are shown in Figure 1. 
The drag-out tanks are still-water 
tanks, which are drained and treated 
according to schedule, whereas the flow- 
ing rinse tanks discharge continuously 
directly to the stream. 

By experiment, later substantiated 
by actual practice, a frequency was es- 
tablished for dumping and treating the 
drag-out tanks such that the flowing 
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FIGURE 1.—Schematic layout of process area for chemical finishing. 


rinse contamination constantly 
maintained well below the allowable 
concentration limits. The method 
chosen to remove the elements was fun- 
damentally to precipitate and _ filter. 
The equipment consists of settling 
tanks, pumps, and a bank of three com- 
mercially available porous stone filter 
units. The flow sheet (Figure 2) shows 
their position in the system. The sump, 
which is located in the immediate vicin- 
ity of the process tanks, is below the 
level of the floor. This arrangement 
provides a means for safely catching 
any accidental overflow and also allows 
a means for washing down the floor, as 
is occasionally necessary. 


Treatment Procedures 


The chemistry of the treatment op- 
erations might be described as follows: 


For Removal of Sulfate 


Any waste sulfuric acid anodize solu- 
tions are pumped to the acid holding 
tank, as are hydrochloric acid, nitric 
acid, and nickel acetate. Waste clean- 
ers and other alkaline wastes are 


pumped to the alkali holding tank, and 
are used when necessary and available 
for neutralizing the acid wastes. Waste 
ammonia solutions are sent to the sump 
with the acid wastes, since adding them 
to the waste cleaners would cause evolu- 
tion of ammonia fumes. The contami- 
nated acid rinse waters, or specifically 
the drag-out tanks following the acid 
process tanks, are dumped directly to 
the sump. The pH is adjusted to ap- 
proximately 7.5 to 8.5 with waste clean- 
ers or with soda ash. This solution is 
then filtered to remove any iron hy- 
droxide. The small quantity of sulfate 
in this water is well below the maxi- 
mum allowable concentrations and, 
therefore, no attempt is made to pre- 
cipitate it. 

Acid wastes from the acid holding 
tank are neutralized in the sump with 
alkaline wastes and, if they contain sul- 
furic acid in sufficient quantity, lime is 
added in amounts determined by chemi- 
eal analysis in order to form a precipi- 
tate. The resulting suspension of eal- 
cium sulfate is then pumped out of the 
sump to the filtering units, or to the 
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FIGURE 2.—Flow diagram for chemical finishing area wastes disposal. 


settling tanks if the quantity of sulfate 
involved is exceptionally large. A fil- 
ter aid of diatomaceous earth is added 
in each case to the filter unit. The fil- 
trate after the removal of either the 
iron hydroxide or calcium sulfate is dis- 
charged to the stream and the precipi- 
tate is backwashed with the filter aid to 
a settling tank. Later, the supernatant 
liquid from this settling tank is drawn 
off and returned to the sump. The rela- 
tively dry precipitate is then shoveled 
out of the settling tank, placed in 
drums, and hauled away. 


For Removal of Chrome 


Any waste chrome solution is pumped 
to the chrome settling tanks. This in- 
cludes the chromic acid anodize solu- 
tion, the sodium dichromate sealing 
solutions, and also the contaminated 


rinse waters from these process tanks. 
In practice, the bulk of the volume re- 
quiring treatment is from the drag-out 
tanks. These rinse waters are pumped 
to the settling tanks, neutralized with 
soda ash or waste cleaners, and precipi- 
tated with barium chloride. Rigid 
chemical control is necessary to insure 
addition of correct amounts of barium 
chloride. Any excess of this compound 
would pass through the filter and be 
discharged into the stream. The whole 
solution is agitated and mixed by bub- 
bling air through it. The precipitate 
is then allowed to settle and the rela- 
tively clear supernatant liquid is passed 
through the filter unit. The filtrate is 
discharged to the stream and the bar- 
ium chromate plus the filter aid is back- 
washed to a collecting tank and allowed 
to settle. The supernatant liquid from 
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this settling is again filtered. The pre- 
cipitate in both cases is shoveled into 
drums and disposed of in a fashion 
similar to that of the backwash solids 
from the sulfate cycle. 

It will be noted that the load on the 
filter units has been considerably re- 
duced by allowing time in the settling 
tanks for separation of the precipitated 
solids. Since the supernatant liquid is 
relatively free of solids, a finer filter 
medium can be used without risking 
overloading and clogging, than would 
otherwise be possible with the quanti- 
ties and capacities available. 

Each of the filter units contains about 
96 sq. ft. of filter area and can pass ap- 
proximately 25 g.p.m. at a maximum 
allowed pressure differential of 25 p.s.i. 
Considering the fact that 8,000-gal. 
storage volume is provided, it would be 
possible to process the largest volume of 
waste reasonably to be expected in 
about 6 hr. Except for the time neces- 
sary to rebuild process solutions, this 
could be accomplished without inter- 
rupting productive operations. 


Process Economics 

The records show that approximately 
10 tons of barium chloride are being 
used to treat 1 m.g. of waste solution at 
a cost of 10¢ per pound for technical 
grade barium chloride. The manpower 
required is approximately equivalent to 
one full-time man, including the tech- 
nical services of the chemist as well as 
the man who performs the actual labor 
involved. The total cost of the equip- 
ment, including the underground sump, 
eatch basins, tanks, pumps, valves, fit- 
tings, filters, and mixers, is about $35,- 
000. All of the equipment is such that, 
with reasonable care, repair or replace- 
ment of parts should be a minor item. 
The fact that it is necessary to treat the 
wastes has resulted in a greater effort 
to correct contaminated process solu- 
tions in order to escape the task of proe- 
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essing them through the waste disposal 
system. Success in repairing such 
process baths without appreciable loss 
of time to production, is believed to 
have resulted -in an over-all saving. 
The possibility that impure barium 
chromate may have some salvage value 
is being investigated. 


System Efficiency 


In spite of the fact that waste dis- 
posal as a process is a novelty to the 
company, the procedure and system 
used is simple and straight-forward and 
agrees with common chemical engineer- 
ing practice. After consideration of 
various disposal processes, the ideas of 
plant personnel were submitted to Hall 
Laboratories, Ine., for their opinion. 
This concern then set up the procedures 
and made recommendations as to what 
was felt would be satisfactory equip- 
ment. 

As an example of the efficiency of the 
system, the following figures, represent- 
ing the analysis of the stream water be- 
fore and after plant operations were be- 
gun, are presented. 


Before During 
Operation Operation 
Chloride (p.p.m.).......... 14 58 
Sulfate (.p.m.)........... 25 25 


Suspended solids (p.p.m.)... 239 22 


Total solids (p.p.m.). . .. 288 242 
Chromium, hex. (p.p.m.)... 0.1 0.00 
Total iron (p.pm.)........ 1.7 08 
Manganese (p.p.m.)........ 0.1 0.1 
0.4 0.0 
Copper (p.p.m.)........... 0 0.1 


It will be noted that a substantial re- 
duction in the amount of suspended 
solids has been accomplished, besides a 
general lowering of the metal ion con- 
centration. From the results of these 


analyses it would seem that there has 
been an actual improvement in the 
quality of the stream by discharging 
the treated waste water into it. 
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APPLICATION OF BIOLOGICAL METHODS IN THE 
TREATMENT OF RADIOACTIVE WASTES * 


By 


RucHHOFT AND L. R. SETTER 


Sanitary Engineer Director and Senior Scientist, respectively, U.S.P.H.S., 
Environmental Health Center, Cincinnati, Ohio 


The objective of this paper is to re- 
view some general aspects of radio- 
active waste disposal problems and 
point out the possibilities of the use of 
biological methods in the treatment of 
such wastes. It is impossible in the 
present paper to go into details as to 
the fundamental principles of radiation 
or all phases of radioactive waste prob- 
lems. There have been many papers 
recently which discuss the elements of 
radioactivity. Briefly, radioactive sub- 
stances are unstable and are continu- 
ously disintegrating through the emis- 
sion of alpha or beta particles and 
electromagnetic (gamma) 
These are all ionizing radiations 
and are, consequently, destructive to 
body tissues, depending upon intensity 
and duration. 

The radioactive waste disposal prob- 
lem has grown by leaps and bounds 
along with the rapid development in 
the use of radiation equipment, Atomic 
Energy Commission reactors, and radio- 
isotopes for scientific uses. It is inter- 
esting to observe that in the Federation 
of Sewage and Industrial Wastes Asso- 
ciations’ ‘‘Review of Literature for 
1951’’ (13), there are references to 94 
articles dealing with radioactive wastes 
in some manner. 

There are liquid, solid, and gaseous 
radioactive wastes, but this paper is 
concerned primarily with the liquid 
wastes. The principal producers are the 
Atomic Energy Commission installa- 
tions, particularly reactors and proc- 
esses leading to the production of radio- 
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* Presented at 1952 Annual Meeting, Cen- 
tral States Sewage and Industrial Wastes As- 
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active isotopes, although hospitals, re- 
search laboratories, and _ industrial 
users must be included as producers of 
radioactive waste. 


Classification of Waste 

The liquid wastes may be classified 
on the basis of the type of radioactivity 
emitted, the energy level, the rate of 
natural decay or half-life, and the bio- 
logical toxicity or half-life. All of 
these factors are important in consider- 
ing methods of waste treatment. The 
radioactive density of a waste may vary 
tremendously, from levels slightly 
above the natural background of water 
to very high values. Generally, only 
relatively low-level radioactive wastes, 
regardless of type, can be considered 
for biological treatment. The half-life 
of the isotope, which may vary from 
millions of years to seconds, also af- 
fects the treatment to be given the 
waste. Materials containing only 
short half-life isotopes of a few days or 
less can be stored to allow the activity 
to decay for about 10 half-lives and 
then discharged into a sewage system. 
The hazard from such disposal will be 
relatively low, provided the residual 
radioactive density of the liquid or 
sludge is not dangerous to personnel. 
Low-level waste containing long half- 
life isotopes, such as plutonium, may be 
successfully treated by industrial wa- 
ter and sewage treatment processes, in- 
cluding biological processes, to levels 
permissible in drinking water. 


Methods of Treatment 


The specific method of treatment se- 
lected for a waste will depend upon the 
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type, toxicity, and radioactive concen- 
tration of the waste and may include 
physical, chemical, biological, or a com- 
bination of these treatment processes. 
The common physical methods of dis- 
posal include storage, evaporation and 
storage of the solids, ground and sea 
burial of solids and liquids, and dilu- 
tion. The evaporation and storage of 
concentrated waste is generally the 
method of choice for high-level wastes 
because the volume to be stored is re- 
dueed and the condensate is relatively 
free of radioactivity. It should be 
noted that the radioactivity is simply 
separated from the liquid and retained 
in a small residual volume, which must 
be stored. If the materials have a long 
half-life, the storage must be for a long 
time. Thus, plutonium waste would re- 
quire storage for 250,000 years before 
the activity decayed through 10 half- 
lives. 

Figure 1 shows a system of evapora- 
tion which has been developed by Me- 
Cullough and associates (4). This is 
very effective and permits the discharge 
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of the vapor condensate to the neigh- 
boring stream with practically no con- 
tamination therein. However, this 
method of disposal is very costly. The 
cost of disposal by evaporation in 
Atomic Energy Commission installa- 
tions has been stated to be 8¢ to 12¢ per 
gallon. Compared to ordinary sewage 
treatment, 8¢ per gallon or $80,000 per 
m.g. is a tremendous cost. 

Burial in the ground has been pro- 
posed for some kinds of radioactive 
waste. The problem of ground burial 
is receiving the attention of the Sub- 
committee on Waste Disposal and De- 
contamination, National Radiation Pro- 
tection Committee, National Bureau 
of Standards. A Bureau of Stand- 
ards memorandum on this method for 
guidance of those charged with re- 
sponsibility for the safe disposal of 
radioactive isotopes is to be published 
soon. Disposal at sea is another com- 
mon method being practiced by the 
Armed Services and the National In- 
stitutes of Health. The National Bu- 
reau of Standards Subcommittee is 
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FIGURE 1.—Flow diagram for a system of evaporation of liquid radioactive wastes. 
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currently preparing a manual for 
guidance on sea disposal. The Atomic 
Energy Commission has also consid- 
ered the return of waste and used 
isotopes to the Commission in case of 
hazardous materials in quantities 
which cannot be easily disposed of by 
isotope users. 

The discharge of isotopes into sew- 
ers is of immediate interest to mem- 
bers of the Federation of Sewage:and 
Industrial Wastes Associations. So 
far, the Waste Disposal Subcommit- 
tee, previously mentioned, has con- 
sidered only the disposal of I’ and 
P*? as permissible. The levels and 
quantities which may be discharged 
into sewers under prescribed condi- 
tions from hospitals are given in 
Handbook No. 49 of the National Bu- 
reau of Standards (5). 

The handbook recommends discharge 
of institutional wastes in a manner that 
will not permit a transient concentra- 
tion higher than 100 microcuries per 
liter. One would have to drink a whole 
liter of such sewage to obtain a permis- 
sible tracer dose of P*? and I**. It 
was presumed that the consumption of 
such a quantity of sewage would be a 
rare accident and, consequently, the in- 
gestion of a fracer dose could be toler- 
ated. This concentration would exist 
only in the sewage leaving the institu- 
tion and would be greatly diluted in the 
trunk sewer and the interceptor before 
reaching the treatment plant or final 
discharge point into a stream. It would 
be interesting to estimate the ultimate 
equilibrium concentrations of these iso- 
topes that may be expected if the daily 
isotopic wastes are diluted and mixed 
with the quantity of water used daily 
in the city. It is realized that the dis- 
tribution of hospital facilities and sew- 
age collection facilities would not be 
such that the waste could be expected 
to be uniformly diluted in the entire 
city flow. However, the theoretical 
values obtained in this calculation (see 
Table I) are instructive in showing the 
relative magnitude of the radioactivity 
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to be expected from this source. It will 
be noted that the radioactivity from 
these isotopes diluted in this manner 
varies from 0.25 to 0.6 X 10°* pe. per 
liter, and even if all the I’** and P*® 
waste in any of these cities was diluted 
into a system carrying only 2 per cent 
of the daily water supply, the expected 
radioactive concentration would still be 
less than the permissible level in drink- 
ing water for continuous use. 


TABLE I.—Concentration of I'* and P® 
to Be Expected in Sewage of Six 
Large American Cities! 


Dilution Water Activity 
City Water Consump- after 
Needed? tion Dilution® 
(g.p.d.) (m.g.d.) (ue. /1.) 
New York 413 925 0.4 x10~ 
St. Louis 95 160 0.6 10-4 
Chicago 363 900 0.4 xX10~ 
Los Angeles 94 350 0.27 x 10-4 
New Orleans 25 60 0.4 X10~4 
San Francisco 25 100 0.25 x 1074 


1 Based on the quantities of these isotopes 
shipped to the cities listed by the Atomic 
Energy Commission during the first six months 
of 1950 (11). 

2 Water needed to dilute activity to 100 ye. 
per liter assuming no decay. 

3 Activity from I and P® after uniform 
dilution by volume of water used per day. 


It may be remembered that 1 ze. is 
2.23 x 10° atoms disintegrating per 
minute. Thus, 0.25 x 10-* pe. is only 
55 atoms disintegrating per minute. 
Consequently, quantities of radioactive 
elements which may be easily detected 
by radioactive assay are trace amounts, 
which could not be detected by ordi- 
nary chemical analysis. To understand 
the significance of the concentration 
that may be expected in interceptors, it 
may be interesting to compare these 
values with the standards that have 
been suggested by the Atomic Energy 
Commission for drinking water under 
various conditions. 

Table II shows the permissible levels 
of alpha and beta activity in drinking 
waters, as proposed by several authori- 
ties. It will be noted that these values 
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Max. 
Permissible 
Time Water Is to Level! 
Be Consumed 


Emergency Emergency 
Low-Risk Permissible 
Level? imit® 


Alpha 
10 days 
30 days — — 
Continuous use: 
Iodine™ 0.3 
Phosphorus — 0.2 
Strontium*®® ; 0.2 
Strontium” | 8 X 107 | 
Radium”* — 
Plutonium?** | 1X 1073 | 
Unknown sources lx 10 


Fission product 


1 Reference (16). 
2 Reference (17). 


Alpha 

0.2 3.5 5 90 

0.07 1.7 30 

0.02! - | 
— | — — 


3 Application of a safety factor of 25 to AEC permissible limits (18). 


4 Safe levels (19). 


are much higher than the values to be 
expected after complete dilution in sew- 
age of metropolitan areas in the United 
States (Table I). 

The radioactivity for various natu- 
ral springs is shown in Table III. For 
comparison, the permissible levels in 
drinking water for continuous and em- 
ergency use and the theoretical concen- 
tration from the discharge of I'** and 


TABLE III.—Radioactivity of Some Spring Waters Compared to Emergency Permissible 
and Background Levels and the Theoretical Value in St. Louis Sewage 


P* for St. Louis sewage are also in- 
cluded. It will be noted that the St. 
Louis sewage radioactivity concen- 
tration, which is representative of what 
may be expected in any metropolitan 
sewage, is much lower than the value 
for P*? in water for continuous use. 
The background levels for normal sur- 
face and ground waters of the United 
States are also included in Table IIT. A 


Location 


Source 


Radioactivity 
(ue./l.) 


Saratoga Springs, N. Y. 
Yellowstone Park, Wyo. 
Hot Springs, Ark. 

Manitou, Col. 

Ischia, Italy 

U.S. normal surface waters 
U.S. normal ground waters 
St. Louis sewage 
Emergency drinking water 


Emergency drinking water 


Continuous use of drinking 


water 
Continuous 
water 


use of drinking 


Hathorn No. 1 

Monmouth Hot Springs 

Imperial Spring 

Shashone Spring 

Old Roman spring 

15 samples 

25 samples 

(Theoretical) 

(Alpha, acceptable for 
10 days) 

(Alpha, acceptable for 
30 days) 

Unknown 


Phosphorus® 


1.42 X 10-4 

144 Xx 10 

90.3 x 

33.8 10-4 

1525. 10-4 
0036 to .0341 x 10~ 
0058 to .039 x 

0.6 xX 

50,000 x 10~¢ 


17,000 10~ 
1.0 xX 10-4 


2,000 x 10~* 


1 See Table I. 
2See Table II. 
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careful comparison of the data in Table 
I with the permissible radioactivity in 
drinking waters suggested by the 
Atomic Energy Commission indicates 
that there need be no fear of the con- 
tamination of surface waters from the 
and wastes presently being dis- 
charged into sewers by medical users. 


Chemical Methods 


Chemical methods for the treatment 
of radioactive waste include: 


1. Deposition on metal or absorption 
on activated carbon, clays, or other ad- 
sorbants. 

2. Ion exchange processes. 

3. Coagulation and/or carrier pre- 
cipitation, followed by filtration. 


Many papers on the use of chemical 
procedures have been published. The 


use of coagulation-carrier precipitation 
in a waste-water treatment plant simi- 
lar to that used in ordinary water puri- 
fication practice has been applied at 
Los Alamos, N. Mex. (7) (10). 


Biological Methods 


The biological treatment which would 
be applicable to relatively low-level 
radioactive waste includes activated 
sludge, trickling filter treatment, and 
absorption by algae and other plankton 
forms. To date there have been no 
reported applications of the latter 
method, although algae and plankton 
serve as concentrators of activity in 
streams even when they are slightly 
polluted with radioactivity. 

The application of biological methods 
to the treatment of radioactive waste 
was first studied at Los Alamos (6) (8) 
(9). It was found that activated sludge 
and trickling filter processes could be 
successfully used in the removal of plu- 
tonium in low concentrations from the 
waste waters. Studies at Los Alamos 
also indicated that biological processes 
were of special importance and were 
the only practical methods available for 
treating waste relatively high in or- 
ganic acids which sequester the coagu- 
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lants used in chemical treatment. It 
was also shown by this laboratory that 
an activated sludge capable of removal 
of radioactive materials could be pro- 
duced from ordinary nutrients such as 
glucose and flour (12). On the basis 
of a continuation of experiments at Los 
Alamos, a plant for treating an unusual 
waste containing considerable quanti- 
ties of citrate (sometimes as high as 
20,000 p.p.m.) has been built and op- 
erated. 

Preliminary bottle experiments have 
been conducted at the Cincinnati En- 
vironmental Health Center on the re- 
moval of P*%? and I** by activated 
sludge. <A single experiment on the 
treatment of mixed fission products by 
activated sludge has also been com- 
pleted. 


General Experimental Procedure 


Graduated cylinders of 1-l. capacity 
having a bottle-type neck were used as 
aerators by submerging a 1-in. ceramic 
diffuser ball at the end of a rubber tube 
to the bottom of a cylinder containing 
1 1. of mixed liquor under aeration. 
Compressed air was admitted to each 
cylinder at a liberal rate, which neither 
caused settling of sludge nor trouble- 
some foam. 

A six-day ‘‘cold run’’ (that is, with- 
out radioactivity) preceded the phos- 
phorus studies for the purpose of mak- 
ing adjustments in aerator solids and 
testing the technique of operation. The 
mixed liquor originally placed in the 
aerators consisted of 200 ml. of acti- 
vated sludge and 800 ml. of feed. The 
activated sludge had been acclimated 
for several months on the type of food 
to be used. 


Feeding Schedule 


From Monday through Friday of 
each week, the aerators were fed twice 
daily at 8:30 to 9:00 am and again at 
4:00 to 4:30 pm. After sampling mixed 
liquor, the air diffuser was removed to 
allow the sludge to settle for 30 min. 
Between 700 and 800 ml. of the cloudy 
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supernatant were then decanted and 
immediately replenished to the original 
1-1. volume with sewage or tap water 
containing the required amount of nu- 
trients and minerals. 


Tests 


A 50- to 100-ml. sample of mixed 
liquor was withdrawn with a pipet 
for purposes of testing the suspended 
solids and sludge radioactivity. The 
sample of mixed liquor withdrawn for 
test purposes was usually sufficient to 
maintain a constant aerator solids con- 
tent. The volume of sludge after set- 
tling for 30 min. was recorded and used 
to determine sludge volume index 
(S.V.I.) and control operation. 

Samples of supernatant after 30 
min. settling were tested periodically 
for pH, 5-day B.O.D., and suspended 
solids as indices of operation. Dupli- 
cate 10-ml. volumes of supernatant 
were evaporated in aluminum dishes at 
low heat and assayed for radioactivity 
by counting on the second shelf of 
a Geiger-Muller end-window counter. 
The efficiency of the counter was de- 
termined to be 6.53 per cent of the dis- 
integrations based on a calibration of 
P** standards counted in an internal 
proportional counter. Correction fac- 
tors for geometry, self-absorption, back- 
scatter, and extended souree were ap- 
plied to the internal proportional coun- 
ter data. 

The counting data of morning sam- 
ples were determined within a matter 
of an hour or two, so no correction for 
decay was made. On the other hand, 
the afternoon samples were counted 24 
hr. after sampling on week days and 
the Friday afternoon samples were 
counted on Monday afternoon, so ap- 
propriate decay factors were applied. 

The radioactivity of the sludge solids 
was determined by centrifuging 50 ml. 
of mixed liquor, transferring the cen- 
trifuged cake to aluminum counting 
dishes with distilled water, evaporating 
slowly to dryness, and counting. The 
Geiger-Muller end-window counting 
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rate was corrected for self-absorption 
and coincident losses. 


Feed 


Two of the four sludges in an experi- 
mental run were fed 700 to 800 ml. of 
domestic sewage twice daily, 5 days per 
week, for 2 weeks. The other two 
sludges were fed synthetic sewage con- 
sisting of a mixture of flour and sugar 
in 700 to 800 ml. of tap water twice 
daily, 5 days per week, for 2 to 4 weeks. 
The synthetic sewage feed was usually 
fortified with stable phosphorus (P**) 
as trisodium phosphate, to maintain 
control of the process. All sludges re- 
ceived about 0.5 ue. of radioactive ele- 
ment at each feeding. Radioactive 
phosphorus (P**) was added as a phos- 
phate salt and radioactive iodine (I***) 
was added as potassium iodide. 


Uptake of P** by Activated Sludge 


In designing an experiment to deter- 
mine the uptake of P** by activated 
sludge, it was learned from previous 
studies (12) that phosphorus additions 
to common foods were essential to ac- 
tivated sludge process control. White 
flour contains from 0.09 to 0.10 per 
cent of total phosphorus and it might 
be assumed that this would provide 
ample available phosphorus for the 
metabolic requirements of the sludge. 
However, the experiments (12) indi- 
cated that about 3.0 p.p.m. or more of 
supplemental phosphorus, as_ phos- 
phates, were required with the common 
food being used to produce sludges 
with satisfactory settling indices. In 
the later experiments the lack of suf- 
ficient available phosphorus to produce 
a sludge with a satisfactory settling in- 
dex was considered the criterion for 
phosphorus deficiency. stable 


phosphorus content of domestic sewage 
is fairly constant and has been reported 
(14) to average from about 1.7 to 4.0 
p.p.m. as P. Usually, domestic sewage 
provides sufficient available phosphorus 
for process control. Since microorgan- 
isms do not differentiate between iso- 
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topes of the same chemical element in 
identical chemical form, the uptake of 
radioactive phosphorus will depend 
upon the abundance and availability of 
the total phosphorus. In view of this 
fact, the addition of 10 mg. of stable 
(non-radioactive) phosphorus per pc. 
of radioactive phosphorus waste had 
been recommended (1) as a method of 
waste disposal to sewers. 

In these experiments the uptake of 
radioactive phosphorus was studied in 
four aerators. Of these aerators, A 
and B were fed flour and glucose, and 
were also given 1 and 3 p.p.m. of stable 
phosphorus, respectively. Aerators C 
and D were fed settled sewage. <Aera- 
tor C received no additional supple- 
mental stable phosphorus, but aerator 
D received 3 p.p.m. of stable phosphorus 
in addition to the sewage. The stable 
phosphorus (P*') was added as a stock 
solution of trisodium phosphate. The 
aerators were fed every morning and 
afternoon immediately following the re- 
moval of 700 to 800 ml. of settled super- 
natant from the 1-1]. aerators. The ex- 
periment was continued for two weeks 
with no feeding over the week end. 
The operating data on the activated 
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sludges and the results on the removal 
of P*? are summarized in Table IV. 

An inspection of the operating data 
indicates that: 


1. The aerators were loaded with 33 
to 35 lb. of B.O.D. per day per 1,000 cu. 
ft. of aerator capacity. However, the 
B.O.D. load per unit of aerator solids 
was least in the sewage-fed sludges, C 
and D, and most in sludge A. 

2. The supernatant suspended solids 
are relatively high for normal plant op- 
eration on continuous feeding. How- 
ever, laboratory batch feeding twice 
daily with excess air usually produces 
more turbid effluents. Somewhat bet- 
ter removal of P** associated with these 
solids may be expected from large-scale 
plant operation. 

3. The radioactive phosphorus, P**, 
was added in an amount equal to ap- 
proximately 0.5 pe. per feed, or an 
average of 1,200 disintegrations per 
minute per ml. This added activity re- 
sulted in the uptake of P** by the ac- 
tivated sludge mixed liquor to a concen- 
tration roughly three times the feed in 
sludges B, C, and D. In sludge A, fed 
synthetic sewage with only 1 p.p.m. 


Activated Sludge A 


Feed (twice per day) Syn. sew.! 


B.O.D. load  (Ib./D/1,000 35 
c.f.) 

P*! added (p.p.m.) 1 

added (d.p.m./ml.)* 1,200 
Aerator susp. sol. (p.p.m.) 2,100-2,500 
Settl. range, S.V.I. 28-80 
in mixed liq. (d.p.ns./ml.)8 8,600 
Supernatant: 

Susp. solids (p.p.m.) 89 

B.O.D. (p.p.m.) 15 

P® (d.p.m./ml.)? 27 

pH 6.9-7.5 
Removal of P*: 

Range (%) 52-88 

Average (%)* 78 


| 


B Cc D 
Syn. sew.! Sewage? Sewage? 
35 33 33 
3 0 3 
1,200 1,200 1,200 
1,800-2,200 2,500-3,100 2,800-3, 100 
19-47 31-43 36-39 
4,240 3,880 3,670 
113 25 13 
20 9.5 9.0 
705 744 800 
6.9-7.6 6.8-7.8 6.8-7.8 
12-77 8-63 — 11-56 
43 38 35 


1 Feed of 0.3 g. wheat flour and 0.1 g. dextrose in 800 ml. tap water; B.O.D., 336 p.p.m. 
2 Feed of 800 ml. domestic sewage—Estimated B.O.D. of 320 p.p.m. 


§ Disintegrations per minute per ml. 
‘ Weighted average for a two-week period. 


f 
= 
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stable phosphorus, the uptake of P** by 
the sludge was much greater and ac- 
cumulated in the mixed liquor to a con- 
centration equal to six to seven times 
the concentration in the feed. 

4. The over-all removal of P** by the 
activated sludge was somewhat erratic 
from day to day. In sludge A, fed syn- 
thetic sewage with a minimum of phos- 
phate, the removal of P** varied from 
52 to 88, or an average of 78 per cent 
of the feed. In sludge B, fed synthetic 
sewage with 3 p.p.m. of stable phos- 
phate-phosphorus, the over-all removal 
varied from 12 to 77, or an average of 
only 43 per cent. In the sewage-fed 
sludges the P*? removal varied from 
less than zero to 63, or an average of 
35 to 38 per cent. 


Fluctuations in Uptake of P* 


The uptake of radioactive phos- 
phorus during each feeding by the ac- 
tivated sludges fed on flour-dextrose is 
presented in Figure 2. The raw count- 
ing data on small samples were con- 
verted to disintegrations per minute 
(d.p.m.) in the 700 to 800 ml. of super- 
natant withdrawn before each feeding. 
Since the counting was made following 
the decanting of supernatant, the radio- 
activity of feed and supernatant was 
corrected for decay to the time of de- 
canting. Figure 2 shows the amount 
of P** added at each feeding and the 
total activity found in the supernatant. 
The amount of P*? appearing in the 
supernatant of the sludge fed a de- 
ficiency (1 p.p.m.) of stable phosphorus 
required for good process control was 
usually much less than half the amount 
of P** in the supernatant from the 
sludge fed 3 p.p.m. stable phosphorus. 
The effect of no feeding over the week 
end, particularly with a deficiency of 
phosphorus in the feed, is shown on the 
seventh and fourteenth days of the ex- 
periment. The Monday morning super- 
natants contained three times as much 
radioactive phosphorus as the Friday 
afternoon samples. This deterioration 
of the sludge probably would not oc- 
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cur in a continuously fed system. A 
similar plot of the supernatant results 
from sludges fed sewage with or with- 
out phosphate fortification presented a 
seatter diagram of wide fluctuations. 
During the second week of operation, 
when it appeared that equilibrium con- 
ditions had been reached, the phosphate 
fortified sewage sludge passed slightly 
more 


Distribution of P** in Activated Sludge 


The distribution of P** in activated 
sludge was determined weekly or bi- 
weekly. In preparing a balance at the 
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FED 3 ppm \ 
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ry 
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dpm OF P®* IN MILLIONS 


0.2 
3 6 9 12 iS 
TIME IN DAYS 


FIGURE 2.—Fluctuations in the radio- 
activity (P”) of supernatants from activated 
sludge fed synthetic sewage (flour-dex- 
trose) fortified with stable phosphate (P”). 
P* in feed = 855,000 to 1,040,000, or an aver- 
age of 960,000 disintegrations per minute in 
an aerator volume of 1 1. 


end of a particular period, the P** con- 
centrations in the feed, supernatants, 
and sludges were all corrected for de- 
cay to the end of each period. Since 
P*? has a half-life of 14.3 days, the de- 
cay amounts to a loss of roughly 5 per 
cent of residual radioactivity in 24 hr. 
The results of the balances are presented 
in Table V. Unfortunately, the radio- 
activity of the sludge wasted per day 
was assayed infrequently, so that a sig- 
nificant error of this estimation may 
have occurred. 
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/ 
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TABLE V.- 


Item 


Feed | 
P*! in feed (p.p.m.) 


(a) P® BALANCE 


AFTER ONE 


Added in feed, less decay 

2. In supernatant 

In mixed liquor at end 

Cale. to be in waste sludge 1—(2 + 3) 
5. Found in wasted sludge 

6. Unaccounted for (4—5) 


2 
3. 
5 


(b) BALANCE 


1. Added in feed, less decay 
2. In mixed liquor at start 
3. 


| 
In supernatant | 
— d liquor at end 
‘ale. to be in waste sludge (1 +2) —(3+ 1) | 
ound in wasted sludge 
. Unaccounted for (5—6) 


6. 


Radioactive Density of Activated 
Sludge 


When phosphate for activated sludge 
metabolism is deficient in the food, 
such as in sludge A, a much higher per- 
centage of the radioactive phosphorus 
is assimilated and increases the radio- 
activity of the activated sludge. This 
is shown in the balance after two weeks 
(Table V b, Item 6) and, for purposes 
of emphasis, in Table VI, where the 
radioactive density of the sludges has 
been calculated per gram of dry sludge 
solids and per kilogram of 3 per cent 
settled sludge (Items 4 and 5), respec- 
tively. Table VI shows that the radio- 
activity of sludge A (fed a deficient 
supply of P*') increased to 1.65 pe. per 
gram of dry sludge solids in two weeks, 
whereas sewage-fed sludge accumulated 
a radioactivity density of only 0.6 pe. 
per gram or less. Sludge B, fed flour- 
dextrose fortified with 3 p.p.m. P*’, ac- 
eumulated a specific radioactivity in 
two weeks of 0.99 pe. per gram. 


| 
| 
| Syn. sew. | Syn. sew. | 
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-Distribution of Radioactive Phosphorus in Activated Sludge 


Activated Sludge 


Sewage 
0 


3 


Week (MILLIONS OF D.P.M.) 


AFTER Two WEEKS (MILLIONS OF D.P.M.) 


9.45 


| 
| 
| 


Uptake of I'*' by Activated Sludge in 
the Presence of Stable Iodine 


Studies on the uptake of radioactive 
iodine by activated sludge fed sewage 
or synthetic sewage containing stable 
iodine were performed in a two-week 
period similar to the radioactive phos- 
phorus studies. Since it had been ree- 
ommended (1) that radioactive iodine 
wastes might be discharged ‘to sewers, 
provided that 1 g. of potassium iodide 
was added to each millicurie of radio- 
iodine, the sewage and synthetie sew- 
age used in these studies were dosed 
with 1 to 3 p.p.m. of stable iodine (I**") 
as the potassium salt and 0.5 pe. I’. 
The operating data are summarized in 
Table VII. Sludges E and F were fed 
flour-dextrose fortified with 2.0 to 2.5 
p.p.m. phosphorus; sludges G and H 
were fed sewage. Sludges E and G 
received 1 p.p.m. stable iodine, while 
sludges F and H received 3 p.p.m. 
stable iodine. The concentration of 
aerator solids was maintained between 


D 
Sewage : 
3 
| 6.96 | 6.96 | 6.96 6.96 
118 | 2.25 3.01 | 2.96 
ee 4.87 3.41 2.10 2.54 

ee, 0.91 1.3 1.85 1.46 
137 | 0.57 0.35 0.43 

ae | —0.46 | 0.73 1.5 1.03 
; 

9.45 9.45 | 9.45 
3.30 2.31 142 | 1.72 
2.41 6.37 6.23 6.65 
a 84 | 3.96 3.35 3.00 
194 | 1.43 1.29 1.52 | 
2.04 | 0.91 0.67 0.68 
Re 7 -—0.10 | 052 | 0.62 0.84 
2 
4 
2 


RADIOACTIVE WAST 


TABLE VI.—Radioactive Density of Activated Sludge 


28 


Activated Sludge 


A B Cc D 

Feed Syn. Sew. Syn. Sew. Sewage Sewage 
P* in feed (p.p.m.) 1 3 0 3 

(a) Arrer ONE WEEK OF OPERATION 
1. Aerator susp. solids (g.) 2.26 2.13 3.16 2.83 
2. P® in sludge (d.p.m. X 10°) 4.87 3.41 2.1 2.54 
3. P*? in sludge (uc.) 2.2 1.54 0.95 1.15 
4. P® (uc. /g. sludge solids) 0.97 0.72 0.3 0.4 
5. P% (ue. filo. of 3% sludge) 29.2 21.6 9.0 12.0 

(b) Arrer Two WEEKS OF OPERATION 
1. Aerator susp. solids (g.) 2.29 1.80 2.54 2.79 
2. P® in sludge (d.p.m. X 10°) 8.4 3.96 3.35 3.00 
3. P® in sludge (uc.) 3.78 1.78 1.51 1.35 
4. P® (ue. /g. sludge solids) 1.65 0.99 0.60 0.48 
5. P® (uc./kilo. of 3% sludge) 48.5 29.7 17.8 14.5 


3,400 and 6,300 p.p.m. in sludges E and 
F, so that the B.O.D. loading of 44 Ib. 
per day per 1,000 eu. ft. was relatively 
low per unit of mixed liquor suspended 
solids. On the other hand, the B.O.D. 
loading of sewage-fed sludges G and F 
was comparable to the phosphate stud- 
ies. The radioactive iodine added was 
1,370 d.p.m. per ml. of feed. The re- 
sults show the radioactivity in the 
supernatants averaged 1,230 to 1,350 
d.p.m. per ml., indicating a removal of 


TABLE VII. 


I'** by activated sludge of 10 per cent 
or less. This value is within the ex- 
perimental error of the radioactive 
iodine determination. However, it will 
be noted that the radioactive iodine 
found in mixed liquor was higher than 
the feed and indicates a low but signifi- 
cant accumulation of radioactive iodine 
in activated sludge fed nutrients con- 
taining 1 to 3 p.p.m. of stable iodine. 
ixperiments on the removal of 
in the absence of stable iodine have not 


Synthetic Sewage Feed! Sewage Feed? 

Sludge | Sludge F Sludge G Sludge H 
B.O.D. load (Ib. /1,000 c.f. /day) 44 44 33 33 
added (p.p.m.) 20-25 | 20-25 
17 added (p.p.m.) 1.0 3.0 3.0 
added (d.p.m./ml.) 1,370 1,370 1, | 1,370 
Aerator susp. solids (p.p.m.) 4,000-6,300 | 3,400-4,800 | 1,300-2,000 | 2,000-2,900 
Volume of sludge* (ml. /1.) 140-220 | 160-270 40-90 50-105 
['3! in mixed liq. (d.p.m./ml.) 2,140-2,500 | 1,710-2,240 | 1,410-1,840 1,480-2,130 
I‘! in supernatant (d.p.m./ml.) 1,350 | 1,340 1,230 1,230 
I'3! removal by act. sl. (%) 1.4 2.7 10.3 | 10.0 


1 Feed of .375 g. of flour and .125 g. of dextro 
2 Feed of 800 ml. of sewage twice a day. 
§ Milliliters of sludge after 30 min. settling. 


se given twice a day. 
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been completed. Pilot trickling filter 
studies conducted by Carter (2) indi- 
cated a removal of 85 per cent or more 
of carrier-free I'*' in weak sewage 
when the dosage rate was 2 m.g.d. in a 
6-ft. filter and the level of I'** was 1,000 
¢.p.m. per ml. 


Absorption of Radioactivity from 
Mixed Fission Product by 
Activated Sludge 


Two preliminary experiments were 
made on the absorptive capacity of ac- 
tivated sludge for 3-month old mixed 
fission product. An analysis of fission 
product of the age used from data by 
Tompkins, Khym, and Cohn (15) is 
presented in Table VIII. Tie ri- 
ments consisted of adding radioactive 
fission product to 500-ml. volumes 
mixed liquor and aerating 4 'r. 01 
more. Periodically, 50-ml. samples 
were settled for 30 min. Ten-ml. sam- 
ples of the supernatant were collected, 
dried, and counted in an internal coun- 
ter. The efficiency of counting was 
found to be 73 per cent of the true dis- 
integration rate. A summary of the 
data is presented in Table IX. The re- 
sults show that 40 to 50 per cent of the 
mixed fission product radioactivity was 
absorbed by activated sludge in 1 hr. or 
less and that 75 to 77 per cent was ab- 
sorbed in 4 hr. of aeration. 


TABLE IX.— 
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TABLE VIII.—Relative Amounts of Major 
Radioactive Elements in Fission 
Product After 3 Months! 


Element abundance 

Strontium 89 53 d 9.9 
Strontium-Yttrium 90 | 25y 1.5 
Yttrium 91 57d 13.0 
Zirconium 95 65d 15.4 
Niobium 95 35d 25.1 
Ruthenium 103 42d 7.2 
Ruthenium 106 | 365d 1.2 
Rhodium (daughter)| 106 30s 1.2 
Cesium 137 33 y 0.7 
Cerium 141 28d 4.9 
Cerium 144 | 275d 15.7 
Promethium 147 | 3.7y 2.9 

Total 98.7 


‘Calculated from Tompkins, Khym, and 
(15) data. 
*s = seconds, d = days, y = years. 


Discussion 


The removal of radioactivity by ac- 
tivated sludge and the trickling filter 
may be effected by one or a combina- 
tion of mechanisms. The more impor- 
tant possibilities appear to be: 


1. The aerobic microbiological de- 
struction of complexing and sequester- 
ing agents associated with radioactive 
wastes. Other mechanisms of removal 
may then occur. This would seem to be 


Absorption of Mixed Fission Product by Activated Sludge 


Radioactivity (d.p.m./ml.) 


24 | 


Ageten Sludge At | Sludge B? 
(br.) 
Added In Super. | —— | Added | In Super. | —— 
0 945 - | 4700 | | 
0.02 — — | — | — 2,225 50 
0.33 - | 650 | 31 - — | — 
3 | 270 — - | 
4 — 220 | 77 1,125 75 
120 | 87 - — 


1 1,960 p.p.m. suspended solids. 
2 1,820 p.p.m. suspended solids. 


a 

— © 

: 

2 

| 
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the most important function of acti- 
vated sludge for the removal or the 
preparation for the removal of radio- 
colloids in laboratory decontamination, 
laundry, and some process wastes. 

2. The physicochemical absorption 
of radioactive ions, colloids, and sus- 
pended matter by the zoogleal mass in 
activated sludge or on filters. For this 
mechanism to be effective, it may be 
presumed that complexing agents and 
detergents must be destroyed or elimi- 
nated to a large degree as stated above. 

3. The utilization or synthesis of ele- 
ments required in the growth and prop- 
agation of activated sludge or zoogleal 
masses on filters. Radioactive mineral 
nutrients will be utilized by activated 
sludge in proportion to the abundance 
of total like elements of similar avail- 
ability. Thus, if the mineral nutrient, 
such as phosphorus, is deficient in the 
feed for activated sludge, a high re- 
moval of radiophosphorus may be an- 
ticipated. However, in the presence of 
an abundant supply of non-radioactive 
available phosphate, a low percentage 
removal of radioactive phosphorus may 
be anticipated. In sludges A and B, 
the average radioactive phosphorus 
added was 960,000 d.p.m. or 1.2 x 10-*° 
mg. per feed, as against 1 and 3 mg. of 
non-radioactive phosphate-phosphorus, 
respectively, and exclusive of an esti- 
mated 0.3 mg. of phosphorus in the 
wheat flour and minute amounts in the 
tap water. Thus, only traces of total 
phosphorus in the activated sludge 
feed were radioactive. However, an 
average of 78 per cent of the radio- 
active phosphorus was removed in 
sludge A because there was a deficiency 
of total phosphorus. 


In the case of the iodine studies the 
radioactive iodine per feed amounted 
to 3 x 10°° mg., as against the 1 or 3 
mg. of non-radioactive iodine added. 
In this case the sludge has an affinity 
for total iodine (which is not neces- 
sarily for metabolic purposes) and the 
preponderance of non-radioactive io- 
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dine results in low removal of radio- 
active iodine. 


General Summary and Conclusion 


In conclusion, it may be stated that 
the maximum removal of radioactivity 
that may be expected by treatment in 
biological systems is about 95 per cent. 
Consequently, such systems can be used 
only on relatively low-level wastes. It 
can also be generalized that: 


1. Biological treatment is not indi- 
cated for soluble isotopes that are not 
utilized or readily absorbed on biologi- 
cal floe (as, for example, I'**). 

2. Biological processes are not satis- 
factory for the treatment and removal 
of isotopes of elements which are iso- 
topically diluted by constituents in 
sewage. This is true even though the 
element is required for microbial prop- 
agation and normal metabolism of the 
sludge. The P** experiments illustrate 
this. 

3. Biological treatment may be used 
for the removal of isotopes, such as 
plutonium, which have no isotopic dilu- 
tion and which are easily absorbed by 
the zoogleal floc under proper condi- 
tions. 

4. Biological treatment may be used 
on waste containing, in addition to the 
radioactive isotope, organic materials 
which sequester or prevent chemical 
treatment for the removal of the activ- 
ity. In this case, the biological system 
is used simply to remove by oxidative 
assimilation the organic sequestering 
constituents. Following such removal 
the effluent may be chemically treated 
by flocculation, carrier-precipitation, or 
other methods to remove the radio- 
activity. 
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Since the introduction of the B.O.D. 
determination as a standard method for 
the examination of sewage and wastes, 
it has been frequently observed that 
concordant results are not always ob- 
tained when a given sample of sewage 
is analyzed in different laboratories, 
even when reasonable precautions are 
taken to minimize biological action in 
the sample prior to the time of analysis. 

In determining the B.O.D. of stand- 
ard substances such as glucose and pep- 
tone with fresh settled sewage as inocu- 
lum, it has also been observed that the 
B.O.D. fluctuates widely when sewages 
from different sources are used as in- 
oculum (1) and with samples of sewage 
from the same source collected at dif- 
ferent times. 

It is recognized that the attainment 
of a biochemical oxygen demand ap- 
proaching the theoretical ultimate de- 
mand is dependent on a biological rela- 
tion between the bacteria and the pro- 
tozoa, the bacteria using the major por- 
tion of the oxygen while the protozoa 
hold the bacterial numbers below the 
limiting count by using them as food. 
This protozoal action permits continued 
growth and oxidation by the bacteria 
and at the same time returns organic 
constituents of the bacteria to the sub- 
strate again to be acted on by the bac- 
teria (2). Unless, however, there is a 
check on the multiplication of protozoa, 
the number of protozoa in the sewage 
dilution increases as oxidation pro- 
ceeds, and the bacteria are eventually 
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reduced in numbers to a point at which 
the rate of oxidation is determined by 
the number and reproduction rate of 
the bacteria, rather than by the concen- 
tration of organic food material (2). 
Since this latter rate is slow, the reac- 
tion is no longer of the first order, but 
becomes linear, and the caleulated ulti- 
mate B.O.D. is lower than that expected 
on the basis of organic matter known 
to be present when a standard sub- 
strate of known composition is used. 
The time at which this reduction in bac- 
terial numbers occurs, and therefore 
the apparent ultimate B.O.D., is deter- 
mined by the original number of viable 
protozoa, all other conditions being 
equal. 

Since it is virtually impossible to 
control the number of protozoa in the 
original inoculum by practical methods, 
attention has been turned in this labo- 
ratory to the use of protozoa-free bac- 
terial cultures as inoculum. 

The ideal procedure would be to use 
a single species of bacteria as inoculum, 
and to sterilize the sample before inocu- 
lation. Experiments in this direction, 
using several bacterial cultures isolated 
from sewage, as well as stock cultures 
of Aerobacter aerogenes, Pseudomonas 
aeruginosa, Bacillus subtilis, Serratia 
marcescens, and Proteus vulgaris, 
showed that under the conditions of the 
LB.0.D. determination these bacteria 
could oxidize either carbohydrates or 
proteins, but were unable to attack 
both. The maintenance of a mixed eul- 
ture of known organisms capable of at- 
tacking all substrates is impractical ex- 
cept as a research procedure. For this 
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reason, the inoculum has been prepared 
by inoculation of sterile settled sewage 
with a mixture of organisms obtained 
by the filtration of fresh sewage to re- 
move protozoa, and incubation of the 
mixture to obtain a good growth of 
sewage bacteria. This inoculum has 
the advantage of causing a rapid oxida- 
tion to a limiting value, which is at- 
tained for practical purposes in not 
more than two days. After this time, 
oxidation proceeds relatively slowly, so 
that no great advantage is obtained by 
further prolonging the oxidation pe- 
riod. The final degree of oxidation 
thus obtained is less than that obtained 
by the use of fresh settled sewage as 
inoculum. However, if it is considered 
that the 5-day B.O.D. is ideally only 
68 per cent of the ultimate demand, 
this is only an apparent objection due 
to usage. 

The experiments described herein 
compare the reproducibility of the 2- 
day and 5-day B.O.D. using filtered in- 
oculum with that of the 5-day B.O.D. 
using settled sewage inoculum. 
ples from one batch each of autoclaved 
sewage and of autoclaved dilute pulp 
mill waste were used as_ substrates 
throughout the entire series of deter- 
minations. 


Sam- 


Preparation of Samples 


Raw sewage was collected at the 
Brittingham Park pumping station of 
the Madison (Wis.) Metropolitan Sew- 
age District. After settling for 1 to 2 
hr., the supernatant was drawn off, 
thoroughly mixed, and distributed into 
Erlenmeyer flasks in 200-ml. portions. 
These were autoclaved at 15-lb. pres- 
sure for 15 min., and stored at room 
temperature until used. 

A sample of digester liquor from a 
sulfite pulp mill was diluted 1: 100 with 
distilled water, neutralized to pH 7.2, 
distributed into Erlenmeyer flasks, and 
autoclaved as previously deseribed. All 
B.O.D. determinations were made on 
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the same lot of autoclaved samples of 
both sewage and pulp mill waste. 


Preparation of Inoculum 


Fresh sewage was collected between 
10 and 12 am on each day that the 5- 
day B.O.D. determinations were to be 
set up. After settling for 1 to 2 hr., a 
portion of the supernatant was reserved 
for use as inoculum for the standard 
method 5-day B.O.D., while a second 
portion was passed through a fine-pore 
sintered glass filter to remove protozoa. 
To 100-ml. portions of the autoclaved 
sewage and of dilute pulp mill waste, 
l-ml. portions of this filtrate were 
added. These inoculated samples were 
then incubated at 20° C. The sewage 
was incubated for 24 hr., the pulp mill 
waste for 48 hr. 


Determination of B.O.D. 


Of the well-mixed autoclaved sew- 
age, 10-ml. portions were pipetted into 
each of six B.O.D. bottles. To each bot- 
tle, 1 ml. of well-mixed fresh settled 
sewage was added as inoculum. Six 
blanks were prepared, each with 1 ml. 
of the fresh settled sewage as inoculum. 
The bottles were filled with ammonia- 
supplemented Formula C _ dilution 
water. 

On the following day, 20-ml. portions 
of the autoclaved settled sewage were 
pipetted into each of six bottles, and 1 
ml. of the incubated sewage-sewage fil- 
trate inoculum was added to each bot- 
tle. Six blanks were set up, using 1 ml. 
of the same inoculum per bottle. The 
bottles were filled with ammonia-sup- 
plemented Formula C dilution water. 

The same procedure was followed 
with the 1: 100 dilution of the pulp mill 
waste, with the exception that the 
protozoa-free inoculum was incubated 
two days before use. Both 2-day and 5- 
day B.O.D. determinations were made 
using the sewage filtrate-pulp mill 
waste inoculum. 

The samples inoculated with fresh 
settled sewage were incubated 5 days as 
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TABLE I.—Reproducibility of 5-Day and 
2-Day B.O.D. of Autoclaved Sewage with 
Filtered and Unfiltered Inoculum 


5-Day 2-Day 
B.O.D.2 B.O.D.2 
Date Settled Filtered 
Sewage Sewage 
Inoculum Inoculum 
7-12 156 90.6? 
7-13 150 90.5 
7-16 152 91.7 
7-18 138 88.1 
7-20 158 87.1 
7-23 141 88.5 
7-25 128 88.8 
7-27 132 95.5 
7-30 135 87.9 
8-1 133 58.48 
8-3 174 87.7 
8-6 153 91.0 
Mean 145 89.7 
Standard deviation: 
Groups 32.9 6.25 
Individuals 6.68 2.60 
Variance ratio 24.2¢ 6.24 
Coeff. of variation (°%): 
Groups 22.7 6.9 
Individuals 4.6 2.9 


1 Mean of six determinations. 

23-day B.O.D.; not included in analysis. 
3 1-day B.O.D.; not included in analysis. 
* Below 1 per cent probability level. 


in the standard method (3). The sew- 
age samples inoculated with the filtered 
sewage inoculum were incubated 2 
days. One-half of the B.O.D. dilutions 
of the dilute pulp mill waste and blanks 
inoculated with the filtered sewage-pulp 
mill waste inoculum were incubated 2 
days, the other one-half for 5 days. 
The experiments with sewage as sub- 
strate were repeated on each of 12 days, 
and that with dilute pulp mill waste on 
each of 10 days. The results of the 
B.O.D. determinations and the statisti- 
eal analysis are shown in the Tables I 
and IT. 


Discussion 


The coefficients of variation for indi- 
viduals show a satisfactory reproduci- 
bility (2.2 to 4.6 per cent) within a 
given day for all the procedures and 
substrates used. In comparing the re- 
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sults of determinations made on the 
same sample on different days, the re- 
producibility of the 5-day B.O.D. is the 
lowest of all the methods used. In the 
case of pulp mill waste, however, there 
is little choice between the 2-day pro- 
cedure with filtered inoculum and the 
5-day procedure with settled sewage in- 
oculum. In this case, the 5-day pro- 
cedure with filtered inoculum shows up 
as the best. 

With sewage as the substrate, there 
is no doubt of the superiority of the 
2-day procedure. The variability of 
the 5-day procedure with settled sew- 
age inoculum is shown to be more than 
three times that of the 2-day procedure 
with filtered sewage inoculum. The 2- 
day value is lower than the 5-day value, 
mainly because of the absence of pro- 
tozoal action. 


TABLE II.—Reproducibility of 5-Day and 
2-Day B.O.D. of Dilute Autoclaved Pulp 
Mill Waste with Filtered and 


Unfiltered Inoculum 
Sett. 
Inoculum | Sewage 
Date 
2-Day | 5-Day | 5-Day 
11-19 76.9 |84.8 | 110 
11-23 79.0? |90.0 | 115 
11-26 76.0 | 84.5 116 
11-28 — 84.6 118 
11-30 79.0 | 87.6 | 108 
12-2 71.9 | 93.1 119 
12-4 38.43 | 88.0 | — 
12-6 78.9 |}89.1 | 110 
12-10 83.5 |92.5 | 125 
12-12 75.0 | 87.1 | 123 
Mean 77.3 |88.1 | 116 
Standard deviation: 
Groups 8.8 7.6 14.6 
Individuals 1.69 | 3.7 2.66 
Variance ratio 26.84 | 4.25*| 
Coeff. of variation (%): 
Groups 11.4 8.63 | 12.5 
Individuals 2.19 | 4.20 2.3 


1 Mean of six determinations. 

23-day B.O.D.; not included in analysis. 
3 1-day B.O.D.; not included in analysis. 
* Below 1 per cent probability level. 


a 
=— 
) 
: 
: 
- 
4 
¥ 
3 
| 


64 


The data here presented do not pro- 
vide an explanation for the high day-to- 
day variability of the standard 5-day 
B.O.D. as compared to the 2-day value. 
A difference in activity of protozoa, 
leading to variations in the reaction 
rate and final degree of oxidation, is 
highly probable. Finally, work on the 
aging of filtered cultures, not here re- 
ported, shows that certain bacteria, 
notably those which attack carbohy- 
drates, disappear as the culture is aged. 
It is therefore reasonable to believe that 
the variations in 5-day B.O.D. from 
day to day are due to differences in 
numbers and kinds of both protozoa 
and bacteria in the inoculum. 


Conclusions 


1. The conventional 5-day B.O.D. is 
reasonably reproducible only for a sin- 
gle inoculum, and is not reproducible 
from day to day. This implies that the 
biota of sewage varies from day to day, 
and that a sewage which gives low 
values when used as inoculum for a 
substrate of known or fixed concentra- 
tion, may itself have an apparent 
B.0.D. lower than would be expected 
on the basis of organic matter present. 
The 5-day B.O.D. is, therefore, depend- 
ent not only on the concentration of or- 
ganic matter, but on the nature of the 
biota as well. 

2. Filtration of sewage to remove 
protozoa, and incubation of the filtrate 
in autoclaved sewage or autoclaved di- 


TABLE III. 
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lute pulp mill waste, yields a bacterial 
inoculum which gives fairly reproduci- 
ble results in two days. While oxida- 
tion continues at a slow rate after this 
time, as in the standard method, no ad- 
vantage is obtained by increasing the 
period of incubation. 

3. The improved reproducibility of 
the B.O.D. in the presence of a sewage 
flora prepared in this manner indicates 
that the variability of the 5-day B.O.D. 
is probably caused in part by the pres- 
ence of varying numbers and kinds of 
protozoa, and also in all probability by 
the fact that the bacteria present in 
ereatest numbers in fresh sewage are 
not necessarily those most active in its 
oxidation. The preparation of an in- 
oculum of filtered sewage in autoclaved 
sewage insures the preponderance of 
bacteria which will oxidize sewage. 

4. Since the purpose of the B.O.D. 
determination is to obtain a definite, re- 
produecible fraction of the ultimate 
B.O.D., the 2-day procedure with a bae- 
terial inoculum fulfills this purpose 
more satisfactorily than does the 5-day 
B.O.D., although the values obtained 
are numerically lower. 

5. Since the various criteria of oxy- 
gen consuming capacity are variable, 
and, in the case of B.O.D. and chemical 
oxygen consumed, do not measure the 
same substances, any conversion factors 
between the values obtained by the dif- 
ferent procedures must be indefinite. 
In Table IIT are shown the caleulated 


Comparison of 2-Day and 5-Day B.O.D. of Various Substrates 


with the Calculated Chemical Oxygen Consumed 


| Calculated 

Substrate | 
| p.p.m 
0.03% glucose | 320 
0.03° casein } 163 
0.03% starch 356 
0.03°% phenol 714 
0.03°, tryptone 463 
0.03°% linseed oil fatty acids 879 


3 | (4 | 5) 

calculated 2-Day B.O.D Col. 2 
SI vag D. p.p.m.) Col. 4 

— — - — = 
| 228 134 | 0.418 
316 | 190 0.411 
| 242 142 | 0.399 
185 412 | 0.578 
316 | 161 0.348 
596 359 0.409 


{ 
| 
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chemical oxygen consumption, the ecal- 
culated 5-day B.O.D. (68 per cent of 
the calculated chemical consumption), 
and the experimental values for 2-day 
B.O.D. of six known substrates. 
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The Southern Association of Science 
and Industry recently announced that 
a special two-day regional conference 
will be held in New Orleans on April 
20-21, 1953, to cope with problems of 
air and stream pollution. The con- 
ference will bring together experts in 
all phases of industrial waste disposal 
and utilization to work out a sound 
program for the region’s future guid- 
ance. 

‘*Clean air and clean streams are a 
great Southern resourcee—we want to 
use them without abusing them,”’ 
SASI President James F. Crist said in 
announcing plans for the conference. 
‘‘Our objective is to continue the 
South’s rapid industrial development 
without accumulating serious pollu- 
tion problems similar to those that now 
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exist in regions which were industrial- 
ized without adequate planning,’’ he 
said. 

The SASI program will focus atten- 
tion on economic, technical, and social 
aspects of industrial wastes handling. 
Industrial leaders, government officials, 
research experts, and community rep- 
resentatives will participate. All ses- 
sions will be open to the public. 

The tentative plan is to devote the 
first day to stream problems and the 
second to atmospheric problems. 
Speakers will include some of the na- 
tion’s top men in the industrial wastes 
field. 

Further information on the confer- 
ence may be obtained from Southern 
Association of Science and Industry, 
5009 Peachtree Road, Atlanta, Ga. 
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COLOR IN INDUSTRIAL WASTES * 
IV. Effect of Light on Certain Wastes 


By Wittem Rupours AND WILLIAM D. HANLON 


Sunlight is an effective agent for the 
bleaching of color in natural reservoir 
water supplies (1). The monthly color 
reductions realized varied from ap- 
proximately 50 per cent at the surface 
of the water to 1 per cent at a depth of 
10 ft., the effectiveness decreasing rap- 
idly with depth. Should this same fac- 
tor be effective with industrial waste 
solutions, appreciable color reductions 
could be expected in lagoons, lakes, 
ponds, and streams. This study was 
undertaken to determine the effect of 
sunlight and ultraviolet light on the 
color characteristics of rag cooking 
liquor, sulfite cooking liquor, gum, and 
yeast wastes, and also to determine the 
effect of industrial waste solutions on 
the temperature rise of stream waters 
as a result of sunlight absorption. 


Sunlight 


Samples of the various raw wastes 
were diluted and adjusted to pH 7.0 
(NaOH or H,SO,). Samples were ex- 
posed to direct sunlight in a 7- by 9-in. 
white porcelain tray for 118 hr. during 
the period from September 9 to Novem- 
ber 11, 1951. At selected time inter- 
vals samples were withdrawn, diluted 
1:1 with distilled water, adjusted to 
pH 7.6, and filtered for color determi- 
nations. Control samples were kept in 
the shade, and their color characteris- 
tics determined at the beginning and 
end of the total exposure period. All 
evaporation losses were compensated 
with distilled water throughout the ex- 
posure period. 

The results (Figure 1) show that 
sunlight exposure decreased the purity 
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of the yeast, rag, and gum wastes, and 
slightly increased the purity of the sul- 
fite waste. The controls for the sulfite, 
yeast, and rag wastes showed very little 
color change in the total time. On the 
other hand, the purity of the gum 
waste color decreased 16 per cent dur- 
ing the exposure period, indicating 
that the color reduction was not solely 
the result of sunlight. In relation to 
the controls, the purity reductions of 
the yeast, rag, and gum wastes after 
118 hr. of exposure were, respectively, 
20, 36, and 18 per cent. The color re- 
ductions are probably not the maxi- 
mum, and these values would possibly 
increase somewhat for exposures dur- 
ing the summer months when the sun- 
light would be more effective on hori- 
zontal surfaces. It is believed that the 
most effective light energy for color re- 
duction originates in the ultraviolet 
region of the sunlight. The energy in 
both the visible and ultraviolet regions 
is sufficient to displace outer electrons 
from molecules, but larger displace- 
ments with greater energy occur in the 
ultraviolet region. 


Ultraviolet Light 
Rag Cooking Liquor Waste 


Aliquots of a rag cooking liquor ef- 
fluent (250 p.p.m. B.O.D.) from an ac- 
tivated sludge process were diluted 
(1: 2.33), adjusted to pH 7.0, and ex- 
posed to ultraviolet radiation (2,537 
Angstroms) for varying periods. After 
exposure, all samples were adjusted to 
pH 7.6 and filtered for color determina- 
tions. Luminance values were also de- 
termined on sunlight-exposed samples 
at 7- and 30-day intervals, for the pur- 
pose of indicating the color stability of 
the samples after exposure. 
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FIGURE 1.—Effect of sunlight on the purity of various wastes. 


The curves of Figure 2 show that the 
rate of color reduction decreased with 
time and that the maximum -log lumi- 
nance reduction for a 25-hr. ultraviolet 
light exposure period was approxi- 
mately 55 per cent. The degree of color 
reduction is probably related to the in- 
tensity and wavelength of the light 
source. 


Sulfite Cooking Liquor Waste 


Samples of a waste sulfite cooking 
liquor effluent from an activated sludge 
process were diluted (1:1), adjusted 
to pH 7.0, exposed to ultraviolet radia- 
tion (2,537 Angstroms), then adjusted 
to pH 7.6, and filtered for color deter- 
mination. 

The results (Table I) show that the 
ultraviolet light effected a color in- 
crease in the sulfite cooking liquor 
waste, the -log luminance increasing 28 
per cent and the purity increasing 82 
per cent. 


Yeast Waste 


Aliquots of a yeast waste effluent (60 
p.p.m. B.0.D.) from an activated sludge 
process were diluted (1: 1.94), adjusted 
to pH 7.0, exposed to ultraviolet radia- 
tion (2,537 Angstroms), adjusted to 
pH 7.6, and filtered for color determi- 
nations. Color determinations were also 
made at 7- and 14-day intervals fol- 
lowing the ultraviolet exposure periods. 

The -log luminance curves (Figure 
3) show a definite color reduction from 


the ultraviolet exposure. Further, the 
color continued to decrease during the 
14-day period following the exposure. 
Why the color should continue to de- 
crease is not understood, unless it was a 
result of flocculating pseudocolloidal 
particles. 

As a result of the ultraviolet expo- 
sure, a fine coating had accumulated on 
the waste side of the quartz exposure 
tube. It was believed that this type of 
coating might significantly reduce the 
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FIGURE 2.—Effect of ultraviolet light 
on the -log luminance of rag cooking liquor 
wastes. 
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TABLE I.—Effect of Ultraviolet Light on the Color Characteristics 
of a Sulfite Cooki 


effect of the ultraviolet light by exces- 
sive absorption. To determine the ef- 
fect of the coating on the degree of 
eolor reduction, the quartz tube was 
thoroughly cleaned (dichromate clean- 
ing solution) and samples of the yeast 
waste were again exposed to the ultra- 
violet light for various periods. 

The results show that there was an 
increase (35 to 40 per cent) in the ef- 
fectiveness of the ultraviolet light after 
the tube had been cleaned. This would 
be an important factor to consider 
when applying this method of color re- 
duction to large-scale operations. 


Gum Waste 


Aliquots of a gum waste effluent (165 
p._p.m. B.O.D.) from an_ activated 
sludge process were diluted (1: 0.67), 
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FIGURE 3.—Effect of ultraviolet light on 
the -log luminance of yeast waste. 


1 B.0.D. of feed to activated sludge, 3,000 p.p.m. 


| | Color Characteristics 
} Vol. Act. | Vol. after Exposure 
No. | Sl. Effi.t | Dilution Time D wis 
| (ml.) (ml.) (hr.) | Luminance — 
50 100 o | 581 41.6 | 55 
2 50 100 25 | 580 | 32.4 100 
| | 


adjusted to pH 7.0, and exposed to 
ultraviolet radiation (2,537 Angstroms) 
for varying periods. Following the ex- 
posure, samples were removed for 
B.O.D. determinations and filtered for 
color determinations at pH 7.6. Color 
determinations were also made at 7- 
and 14-day intervals following the ex- 
posure periods. 

The results (Figure 4) show that the 
color reduction (-log luminance) was 
directly related to the exposure time 
and also that there was a slight addi- 
tional color decrease in the 14-day pe- 
riod following the exposure. After 40 
hr. of exposure, the concentration of 
the colored substances had been re- 
duced by approximately 46 per cent. 

These results indicate that the color 
reduction obtained with sunlight was 


50 
| 
ae 
1 40} 
| 
14 
} | 
| 
° 
3 K | 
3 DAYS 
re) | 
ol | | 
r) 10 20 30 40 
EXPOSURE TIME — HRS. 


FIGURE 4.—Effect of ultraviolet light on 


the -log luminance of gum waste. 
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probably effected for the most part by 
the energy in the ultraviolet region. 
At present, artificial ultraviolet light is 
too costly for industrial waste color re- 
duction; however, with modifications 
and improvements, the method may be 
feasible for practical use. 


Light Absorption and Temperature 
Rise 

Samples of raw sulfite cooking liquor, 
gum and yeast wastes, distilled water, 
and a raw surface water were exposed 
to the direct sunlight for 170 min. in 
white enamel trays and the temperature 
was recorded at selected time intervals 
throughout the exposure period. The 
data obtained showed no significant dif- 
ference in the temperature rise of the 
distilled and raw surface water, but 
each of the wastes showed slightly 
higher temperature rises. The greatest 
temperature rise occurred in the yeast 
waste (Figure 5), with a maximum dif- 
ference of 3° C. This is equivalent to a 
dissolved oxygen difference of about 0.5 
p-p.m. At high oxygen concentration 
a decrease of 0.5 p.p.m. would be insig- 
nificant, but it is possible that at lower 
oxygen concentrations a loss of 0.5 
p.p.m. oxygen might have some impor- 
tance to fishlife. 

A temperature rise in stream waters 
would also inerease the rate of deoxy- 
genation. For example, a3° C. tempera- 
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FIGURE 5.—Effect of sunlight on the 
temperature of yeast waste. 
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ture rise would result in a 10 per cent 
increase in the biochemical oxidation 
velocity, k. However, a 3° C. tempera- 
ture difference may be extreme because 
the various wastes were highly concen- 
trated with respect to stream condi- 
tions. Furthermore, the temperature 
rise in the distilled water was probably 
low because it absorbs relatively more 
light in the longer or red wavelength 
regions and with increased depth the 
difference in temperature rise between 
the water and wastes would probably 
be less. For general stream conditions, 
it is not probable that the increase in 
temperature resulting from light ab- 
sorption by industrial wastes in the 
stream would be significant, but it may 
be a minor factor in conjunction with 
the degree of pollution. 


Summary and Conclusions 


A study was made to determine the 
effect of sunlight and ultraviolet light 
on the color characteristics of various 
industrial wastes and to determine the 
effect of industrial wastes on the tem- 
perature rise of stream waters as a re- 
sult of sunlight absorption. The fol- 
lowing conclusions were drawn: 


1. Sunlight and _ ultraviolet light 
2,537 Angstroms) are effective for re- 
ducing the color of rag cooking liquor, 
gum, and yeast wastes. On the other 
hand, they increase the color of a sul- 
fite cooking liquor waste. 

2. The presence of highly colored 
wastes in stream waters has little effect 
on the rate and extent of temperature 
rise due to sunlight absorption. 
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WHITE WATER TREATMENT * 
V. Aeration with Nonflocculent Growths 


By Wi1LLEM AND HERMAN R. AMBERG 


Rutgers University, New Brunswick, N. J. 


An aerobic treatment process which 
shows promise for the treatment of 
soluble organie waste (3) consists of 
aerating concentrated, soluble, nontoxic 
organic wastes in the presence of non- 
floceulent growth and returning to the 
raw waste the liquid in which the bio- 
logical growth was dispersed. Heukele- 
kian (3) has shown that with strong 
wastes up to 4,000 p.p.m. B.O.D., 70 to 
80 per cent reductions were obtained, 
and with weaker wastes of not more 
than 1,000 p.p.m., 90 per cent. 

Since the major portion of the B.O.D. 
is dissolved in white water it should 
lend itself readily to treatment by this 
aeration process. 


Methods and Materials 


The white water as received and the 
white water concentrate were subjected 
to a 4-hr. settling period to remove the 
settleable solids. The aeration units 
used were equipped with carborundum 
diffusers. Ammonium nitrate was 
added to the waste to give a B.O.D./N 
ratio of 20, and diammonium acid phos- 
phate was added to give a B.O.D./P 
ratio of 60. When equilibrium condi- 
tions were established, samples were 
taken at 2-hr. intervals, centrifuged to 
remove suspended solids, and B.O.D. 
determinations made on the samples. 
The use of the centrifuge eliminated a 
sedimentation period prior to the 
B.O.D. determination, but the same de- 
gree of clarification could be accom- 
plished by 0.5- to 1-hr. settling. 


* Paper of the Journal Series, New Jersey 
Agricultural Experiment Station. 


Aeration in Thermophilic Range 


To determine whether stabilization of 
white water could be accomplished at 
a temperature in the thermophilic 
range and to determine the rates of 
stabilization at this temperature, ex- 
periments were conducted at 50° C. 
Since a number of board mills dis- 
charge wastes at temperatures as high 
as 50° C., it is of practical as well as 
theoretical interest to establish the pos- 
sibility of treatment at this elevated 
temperature. The following feed-to- 
seed ratios were used :,0.33, 1.0, 3.0, and 
9.0. 

A thermophilic seed was developed 
by aerating domestic sewage at 50° C. 
and adding daily increments of white 
water for 2 weeks. Various quantities 
of acclimatized seed were added to set- 
tled white water. At the end of each 
24-hr. aeration period withdrawals 
were made, the material was settled for 
1 hr., B.O.D. was determined on the 
settled effluent, and the sludge was dis- 
carded. Since the effluent was turbid, 
coagulation with alum was tried to de- 
termine whether further B.O.D. reduc- 
tion could be effected by coagulation. 
A 200-p.p.m. dose of alum was added, 
the pH adjusted to 6.5, and B.O.D. de- 
terminations were made on the clarified 
effluent. A summary of the results is 
civen in Table I. 

From 81 to nearly 88 per cent of the 
B.O.D. was reduced at feed-to-seed 
ratios of 0.33 to 9.0. A further B.O.D. 
reduction was accomplished by the use 
of a coagulant. 

Figure 1 shows the rate of stabiliza- 
tion for a feed-to-seed ratio of 9.0 at 
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TABLE I.—Summary of Results at 50° C. 


Feed to Seed 


B.O.D. Load 
Ratio (Ib. cu. ft./ day) 


B.O.D. Alum Treated 
Eff. Red. B.O.D. Red. 
(p.p.m.) (%) (p.p.m.) (%) 


0.0075 
1.00 0.015 485 
3.00 0.023 485 


0.025 


59 13 
92 81.0 35 92.7 
75 84.5 17 96.5 


57 16 


50° C. An aerobic thermophilic flora 
ean be established in a relatively short 
time with domestie sewage. Approxi- 
mately 75 per cent of the B.O.D. can 
be reduced in 6 hr. with an applied 
B.O.D. load of 0.097 Ib. per day per 
cu. ft.; with aeration periods in excess 
of 6 hr. the rate of purification de- 
creases. A disadvantage of the aera- 
tion process at the thermophilic tem- 
perature is the inerease in turbidity, 
requiring coagulation for clarification 
of the effluent. 


Effect of Temperature 


Since aeration of white water with 
nonfloceulent growths is feasible at 50° 
C., a study was made of the relation- 
ship between temperature and effi- 


100 


ciency. The following temperatures 
were used : 20°, 30°, 35°, 40°, and 50° C. 

To each aeration unit of white water 
20 per cent (by volume) of sewage was 
added for seed. Daily additions of 
white water were made for 7 days be- 
fore the rate curves were determined. 
Air was supplied at a rate of 1.5 eu. ft. 
per gallon of waste per hour. When 
equilibrium conditions were established, 
samples were taken at 2-hr. intervals 
for B.O.D. determinations. 

The white water used for the 35° and 
50° C. studies had an average initial 
B.O.D. of 432 p.p.m., and the rest of the 
units received a waste having an initial 
B.O.D. of 480 p.p.m. 

The time required to establish an ac- 
climatized seed and to obtain maxi- 
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FIGURE 1.—Rates of white water purification at 50° C. with nonflocculent growth. 
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% B.O.D. REDUCTION 


TEMPERATURE °C | 
| o 20| 


TIME 


4 


IN HOURS 


FIGURE 2.—Effect of temperature and time on B.O.D. reduction of white water treated 
with nonflocculent growth. 


mum reduction of B.O.D. was found to 
be approximately 4 to 5 days. 

Figure 2 shows the rate curves for 
the five different temperatures studied. 
At 50° C. the initial rate of oxidation 
was considerably greater than at the 
other temperatures, but the maximum 
B.O.D. reduction was 83 per cent. At 
temperatures of 30°, 35°, and 40° C. 
the differences in efficiencies were in- 
significant. 

Figure 3 shows the B.O.D. reduction 
as a function of temperature at various 
time intervals. These curves clearly 
show the optimum temperature to be 
between 30° and 40° C. in the meso- 
philic range. When B.O.D. reductions 
below 80 per cent are desired, the 
thermophilic temperature is very ef- 
ficient. 

Figure 4 shows the B.O.D. loads that 
ean be applied at the various tempera- 
tures to obtain a given B.O.D. reduc- 
tion. For a B.O.D. reduction of 60 per 
cent approximately 0.22 lb. of B.O.D. 
may be applied per cubic foot of aera- 
tor capacity at the optimum mesophilie 
temperature, and 0.31 lb. B.O.D. per 
cubic foot per day at a temperature of 


50° C. To obtain a B.O.D. reduction of 
80 per cent the loading applied was 
0.135 lb. B.O.D. per cubie foot per day 
at a temperature of 30° C. The sus- 
pended solids in the aeration unit 
ranged from 60 to 100 p.p.m. and set- 
tled readily within 30 min. 


Effect of Rate of Aeration 


The optimum temperature for aera- 
tion of white water with nonflocculent 
growths was found to be between 30° 
and 35° C. Using 30° C. as the ap- 
proximate optimum temperature, ex- 
periments were conducted to determine 
the effect of the rate of aeration upon 
this treatment process. The aeration 
rates used varied from 0.07 to 6.8 eu. ft. 
per gallon of waste per hour. The pro- 
cedure fellowed was the same as in the 
previous experiment. 

Figure 5 shows the rate curves for 
the various aeration rates used. Ob- 
viously, the efficiency is greatly reduced 
when aeration rates are less than 0.25 
eu. ft. per gallon per hour. 

Results pertaining to the effect of 
time and rate of aeration on the per- 
centage B.O.D. reduction of white wa- 


100 

—— 

A | | 

| 

/ | 

| 

20 A | | | is) ao it 
/ | | 4a 40 | 

0 

2 3 5 6 7 8 


Vol. 25, No. 1 WHITE WATER TREATMENT. V. 


% B.O.D. REDUCTION 


DPHILIC 


RATION TIME IN H 


x 2 45 
06 
4 e7 


25 30 35 40 50 


TEMPERATURE °C. 
FIGURE 3.—Effect of temperature and aeration time on percentage B.O.D. reduction. 
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FIGURE 4.—Effect of temperature on B.O.D. loading for specific percentages of 
B.O.D. reduction. 
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% B.O.D. REDUCTION 
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TIME IN HOURS 
FIGURE 5.—Effect of rate of aeration on B.O.D. reduction. 


ter with an initial B.O.D. of 400 p.p.m 
show a rapid decrease in efficiency when 
the aeration rate is below 0.25 cu. ft. 
per gallon per hour. When aeration 
rates ranging from 0.25 to 1.8 eu. ft. 
per gallon per hour were used, the ef- 
ficiency was a linear function of the 
aeration rate. 


100 


The most efficient aeration rate from 
the standpoint of air economy is 0.25 
cu. ft. per gallon per hour. Lower aera- 
tion rates result in a rapid drop in ef- 
ficiency, but a gradual increase in effi- 
ciency occurs when the aeration rate is 
increased from 0.25 to 1.8 eu. ft. per 
gallon per hour. Aeration rates in ex- 
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FIGURE 6.—Relation between air supplied at constant rate of 0.267 cu. ft. per gal. per hr. 
and B.O.D. reduction. 
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cess of 1.8 cu. ft. per gallon per hour do 
not materially improve the efficiency. 
To accomplish a B.O.D. reduction of 80 
per cent, using an aeration rate of 0.25 
eu. ft. per gallon per hour, would re- 
quire a total air supply of 1.8 eu. ft. per 
gallon of waste (Figure 6). 


Effect of Waste Concentration 


Previous experimentation on aera- 
tion of white water with nonflocculent 
growths was conducted with white wa- 
ter that had not been concentrated. To 
determine the effect of concentration of 
the waste upon the rates and degrees of 
purification, and to determine the opti- 
mum concentration that could be effi- 
ciently treated by this method, white 
water concentrations of 500, 1,000, 
2,000, and 3,000 p.p.m. B.O.D. were 
used. 

The white water was concentrated to 
a B.O.D. of 6,000 p.p.m., diluted with 
distilled water to the B.O.D. concen- 
trations used in the experiment, and air 
was supplied at a rate of 3 cu. ft. per 
gallon of waste treated per hour. The 
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high air supply was used to insure suf- 
ficient air at the higher B.O.D. conecen- 
trations. The seed used had been ac- 
climatized to white water for approxi- 
mately 2 weeks and 20 per cent by vol- 
ume seed added to the white water. 
Daily additions of white water were 
made, and 20 per cent of the settled 
supernatant was returned to the proc- 
ess for seed. Each waste concentration 
was run for 4 days prior to the deter- 
mination of the purification rates. The 
experiments were conducted at 30° C. 

Results show that purification of 
white water in concentrations of 500 
and 1,000 p.p.m. proceeded rapidly dur- 
ing the first 12 hr., when B.O.D. reduc- 
tions of 97 and 90 per cent, respectively, 
were reached. At a waste concentra- 
tion of 2,000 p.p.m. B.O.D., a material 
decrease in the rate of purification oc- 
eurred after 2 hr., whereas at a B.O.D. 
concentration of 3,000 p.p.m. the rate of 
purification was retarded after about 
30 min. 

The effect of waste concentration and 
aeration time upon B.O.D. reduction is 


% B.0.D. REDUCTION 


500 1000 


i500 2000 


WASTE CONCENTRATION - PPM. B.0.D. 
FIGURE 7.—Effect of waste concentration and aeration time on B.O.D. reduction. 


2500 3000 


a 
: 
| | Wag 
| 
week 
2 HRS.) AERATIC 
60 
40 
= 
20 
> 


76 SEWAGE AND INDUSTRIAL WASTES 


shown in Figure 7. The B.O.D. reduc- 
tion at any time is a linear function of 
the B.O.D. concentration of the waste 
within the limits of the waste concen- 
trations used. 

Results and ecaleulations show that 
B.O.D. loads could be applied at the 
various waste concentrations to obtain 
a given degree of purification, but the 
optimum waste concentration appears 
to be approximately 1,000 p.p.m. Ata 
B.0.D. concentration of 2,000 and 3,000 
p.p.m., a slight decrease in loading re- 
sulted. With a waste concentration of 
1,000 p.p.m., 80 per cent B.O.D. reduc- 
tion can be effected with a B.O.D. load 
of 0.2 lb. per cubie foot of aeration ca- 
pacity per day. 


Discussion 


Aeration of white water with nonfloc- 
culent growths at a temperature in the 
thermophilic range results in approxi- 
mately 65 per cent B.O.D. reduction in 
2 hr. of aeration with a B.O.D. load of 
0.30 lb. per cubie foot of effective ca- 
pacity per day, but when B.O.D. reduc- 
tions in excess of 80 per cent are re- 
quired, aeration at 50° C. is not more 
effective than aeration within the meso- 
philic temperature range. <A _ disad- 
vantage of the aeration process at the 
thermophilic temperature is the in- 
erease in turbidity caused by the dis- 
persion of bacterial cells in the liquid. 
This turbidity is not readily removed 
by settling, but can be removed by co- 
agulation or by filtration with a small 
amount of filter aid. Filtration pro- 
duces a sparkling effluent. 

The initial high efficiency at the ther- 
mophilic temperature suggests the use 
of a two-stage system, the primary aera- 
tor operated at a temperature of 50° C. 
for 2 hr., followed by a mesophilic aera- 
tor. Approximately 65 per cent of the 
B.O.D. would be removed in the first 
stage and the turbidity could be re- 
moved with 1 hr. of aeration in the 
second stage. The second stage would 
remove additional B.O.D. 
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TABLE II.—Optimum Loadings at Various 
Temperatures 


B.O.D. B.O.D. Load (Ib./1,000 cu. ft./day) 


Red. 
(%) 


| 
20° C. 30° C. 


50° C. 


148 | 222 305 
169 164 | 215 
134 | 128 128 


The optimum loadings vary with the 
temperature of aeration and the degree 
of purification required. In the meso- 
philic range temperatures of 30° to 
35° C., about 80 per cent B.O.D. redue- 
tion was obtained in approximately 4.3 
hr. of aeration with a loading of some 
140 lb. B.O.D. per 1,000 ecu. ft. aeration 
capacity. The optimum loadings at the 
various temperatures to attain various 
percentages of B.O.D. reduction are 
given in Table IT. 

The most efficient aeration rate ap- 
pears to range between 0.25 and 0.5 eu. 
ft. of air per gallon per hour. At an 
aeration rate of 0.267 cu. ft. per hour 
per gallon, approximately 2.0 eu. ft. of 
air are required per gallon of waste to 
effect a B.O.D. reduction of 80 per cent, 
but maximum efficiencies vary also with 
the concentration of the waste. Great- 
est efficiencies were obtained with a 
waste having a B.O.D. concentration of 
1,000 p.p.m. at a temperature of 30° C., 
and under these conditions the opti- 
mum loadings obtained were : 

B.O.D. Red. B.O.D. Load 
(%) (Ib./1,000 cu. ft./day) 
60 415 
70 300 
80 200 
90 125 


The loadings for 90 per cent B.O.D. 
reduction are substantially higher than 
those reported for a number of acti- 
vated sludge plants. Greeley (2), in 
an analysis of activated sludge plants, 
found that with B.O.D. loadings of 40 
Ib. per 1,000 cu. ft. of aeration capacity 
per day, B.O.D. reductions of 90 per 
cent were effected. Loadings of 70 to 
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80 lb. per 1,000 cu. ft. aeration capacity 
have been obtained in several plants 
with nearly 90 per cent B.O.D. reduc- 
tion, particularly when the sewage 
contained organic industrial wastes. 
Results of the aeration experiments on 
white water with nonflocculent growths 
show loadings and purifications ever 
higher than those obtained in the field 
and are comparable with activated 
sludge studies conducted under con- 
trolled conditions in the laboratory. 

The loading on a cubie yard basis to 
obtain 90 per cent reduction of B.O.D. 
in the aeration of white water would be 
3.4 lb., which is comparable to the load- 
ing on high-rate recirculating filters. 
Kehr and Ruchhoft (5) obtained 70 
per cent reduction with a loading of 3.5 
lb. of B.O.D. per eubie yard at the 
Neosho, Mo., sewage treatment plant. 
Greeley (1) reported a reduction of 57 
per cent at 3.1 lb. of B.O.D. per cubic 
yard of filter media. 

Heukelekian (3) reported that in the 
treatment of spent penicillin broth with 
nonfloceulent growths, 77 per cent 
B.O.D. reduction was effected with an 
applied load of 130 lb. per 1,000 eu. ft. 
of effective capacity per day. 

Sludge production from nonfloccu- 
lent growth aeration is relatively low. 
The suspended solids in the aerator ef- 
fluent ranged from 50 to 60 p.p.m., or 
about 460 lb. per million gallons of 
waste. The suspended solids settle 
readily, but do not compact to the same 
extent as settled sewage solids. The 
solids behave more like activated sludge 
floc, although compaction is better. 
Quiescent settling for 2 hr. produces a 
sludge concentration of about 2 per 
cent, and on this basis the volume of 
sludge produced would be approxi- 
mately 370 ecu. ft. per million gallons of 
waste treated. 

The aeration process is efficient and 
ean be readily controlled. The volume 
of seed used and the pH of the waste do 
not seem to be of critical importance. 
Seed can be readily developed by using 
sewage, soil suspensions, or river water, 
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and an acclimatized seed can be devel- 
oped in 3 to 4 days. 


Conclusions 


On the basis of the experimental re- 
sults, calculations, and comparisons, the 
following general and specific conclu- 
sions have been drawn: 


1. Aeration of white water and white 
water concentrate with nonflocculent 
growths is feasible in the thermophilic 
(50° C.) as well as the mesophilic 
range. 

2. In the mesophilic range the opti- 
mum temperature is between 30° and 
40° C., and at a B.O.D. loading of 200 
Ib. per 1,000 cu. ft. of aeration capacity 
per day, 80 per cent of the B.O.D. can 
be reduced in 4.3 hr. of aeration. 

3. To effect a B.O.D. reduction of 80 
per cent, approximately 2.0 cu. ft. of 
air are required per gallon of waste 
treated (B.O.D., 500 p.p.m.) 

4. Waste concentrations up to a 
B.0.D. of 3,000 p.p.m. can be effectively 
handled by the aeration process. The 
process can be readily controlled, the 
volume of seed and the pH of the waste 
are not of critical importance, and a 
seed can readily be developed from sew- 
age, soil suspensions, or river water. 

5. Starting with sewage as a seed, an 
acclimatized seed can be developed in 
3 to 4 days in the mesophilic range and 
in about 2 weeks in the thermophilic 
range. 

6. A sludge volume of about 370 ecu. 
ft. per million gallons of waste, having 
an initial B.O.D. of 500 p.p.m., can be 
expected. 

7. A board mill of 100 tons daily pro- 
duction discharging 2,080 lb. of B.O.D. 
per day will require a minimum of 
8,300 cu. ft. of aeration capacity to ef- 
fect an 80 per cent B.O.D. reduction. 


Summary 


The system of nonfloceulent growth 
aeration, effective for a number of 
strong soluble organic wastes, was 
studied for B.O.D. reduction of white 


4 ié 
= 
+ 
2 
7 
“an 
= 
: 
: 
4 


78 SEWAGE AND INDUSTRIAL WASTES 


water. About 60 per cent of the B.O.D. 
of white water is exerted by the dis- 
solved solids. Laboratory studies per- 
taining to the feasibility and factors af- 
feeting B.O.D. reduction of white wa- 
ter showed the method to be effective, 
efficient, and readily controlled. The 
most important factors are tempera- 
ture, air supply, and B.O.D. concentra- 
tions. The volume of seed and the pli 
of the waste do not appear to be of 
critical importance. Temperatures in 
the mesophilie range (30° to 40° C.) 
are about as effective as temperatures 
in the thermophilic range in respect to 
the percentage B.O.D. reduction. Aera- 
tion time, waste concentration, and per- 
centage B.O.D. reduction are related. 
At a temperature of 30° C. about 80 
per cent of the applied B.O.D. can be 
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removed with a B.O.D. load of about 
200 lb. per 1,000 eu. ft. of aeration ca- 
pacity per day. 
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1953 MCA INDUSTRY CONFERENCE ON AIR POLLUTION 


The 1953 Industry Conference on Air Pollution Abatement, spon- 
sored by the Manufacturing Chemists’ Association, will be held Febru- 
ary 26-27 at the Hotel Statler, Detroit, Mich. 

The meeting will feature papers and discussions on the technical 
aspects of air pollution abatement and on regional pollution control 
problems. 
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Stream Pollution 


Quantitative studies of the bottom 
animal life of a river or lake can usu- 
ally be relied upon to give a picture of 
the water quality that has prevailed in 
a given area over a period of several 
weeks or months. Some groups of 
aquatic insects, such as the midgeflies, 
have relatively short life cycles and can 
become abundant in an area, under 
favorable conditions, in a matter of a 
few weeks. Other groups, such as many 
species of mayflies and caddisflies, re- 
quire several months, a year, or more to 
complete their life cycle. As an ex- 
ample, the large and conspicuous brown 
drake mayflies in the Mississippi River 
as nymphs burrow through the bottom 
mud in search of food for two years or 
more before they emerge in hordes on 
or about July 13, each year, when they 
molt, mate, lay eggs, and die, all within 
a few hours. 


Sampling Methods 


Many streams cannot be sampled in 
such a way that the samples will give 
a true picture of numbers of animals 
and kinds present all over the stream 
bed. For example, in the Mississippi 
River the kinds and numbers of animals 
that can live there are determined by 
sampling the mud-covered bottom with 
a Petersen or Ekman dredge in the 
more protected areas, which oceur in 
the eddies behind wing dams and the 
quieter reaches away from strong cur- 


* Presented at 1952 Annual Meeting, Michi- 
gan Sewage and Industrial Wastes Assn.; 
Traverse City, Mich.; May 19-21, 1952. 


BIOLOGICAL EFFECTS OF POLLUTION IN 
MICHIGAN WATERS * 


By EvuGEene W. SuRBER 
U. 8. Public Health Service, Chicago, Ill. 


rents. Samples can be collected with a 
Petersen dredge in mid-channel in un- 
impounded sections, but they usually 
contain nothing in the way of bottom 
animals because the bottom material 
usually consists of fine sand which is 
continually shifted. 

In swift water, where there are 
gravel riffles and often large stones and 
flat rocks scattered about, the greatest 
variety and bulk of bottom animals oc- 
cur because of higher oxygen and more 
food in the current, which brings food 
to certain kinds of animals more rap- 
idly. Net spinning caddisfly larvae 
build silk nets on the surfaces of the 
stones, with which they trap micro- 
organisms as they drift by in the water. 
Blackfly larvae have little basket-like 
structures on the sides of their heads, 
through which the water is strained for 
food. Large stonefly nymphs, many 
mayfly species, midgefly larvae, beetle 
larvae, snails, fingernail clams, and 
large dobsonfly larvae (hellgrammites) 
live upon, underneath, or among the 
rocks. To sample such a gravelly or 
rubble bottom, a certain stream bottom 
sampler is well-suited. This sampler is 
a square frame of brass, 12 by 12 in., 
with a net of about 23 to 30 meshes to 
the inch behind it. The gravel or rub- 
ble within the 1-sq. ft. area is turned 
over in the river water in front of the 
open net. Large stones with nets of 
eaddisfly larvae, ete., attached are 
placed in a pail or small tub for re- 
moval of larvae later, but most of the 
animals within the 1-sq. ft. area detach 
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themselves from the stones as they are 
first turned or lifted and are carried by 
the current into the net. 

Petersen dredge or Ekman dredge 
samples, from the quieter stretches 
where only mud is sampled, generally 
show fewer kinds of bottom animals 
because certain fast-water types such as 
hellgrammites, stonefly nymphs, and 
most species of caddisfly larvae are 
automatically eliminated, either be- 
cause oxygen is not brought to their 
gills rapidly enough or because their 
methods of feeding are of a particular 
type. 

In the quieter stretches debris depos- 
ited upon the bottom may make it 
physically impossible for animals to 
live there. 


Effects of Sewage 


Pollution may have the following 
modifying effects upon bottom fauna 
populations: Domestic sewage in quan- 
tities so dilute that oxygen levels 
through the day and night may be 
maintained continuously above about 
5 p.p.m. may actually feed bottom ani- 
mals and cause them to multiply in- 
directly by stimulating the multiplica- 
tion of microscopic plants and animals 
upon which they feed, thereby increas- 
ing the food supply. The reason that 
some hardy species of fish such as carp 
and catfish are able to live in fairly 
highly-polluted areas is because they 
have rather specialized methods of 
propagation which enable their eggs to 
receive a higher degree of aeration than 
would occur if their eggs were deposited 
in gravel nests on the bottom in the 
manner characteristic of bass and other 
sunfish. Carp, for example, spawn on 
the submerged rootlets of trees growing 
on overhanging river banks or upon the 
leaves of aquatic plants, where their 
eggs are away from the decomposing or- 
ganic material on the river bottom. 

Ordinarily, sewage pollution reduces 
the number of species living in a given 
area to a few kinds which are specially 
adapted to living under low-oxygen 
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conditions. The tubificids and red 
midgefly larvae, which combine the oxy- 
gen they can get with hemoglobin, are 
examples. Some animals, such as sew- 
age flies (Psychoda), certain crane flies 
(such as Tipula ignobilus), and water 
boatmen exist in areas of heavy or- 
ganic pollution because they can go to 
the surface where they can thrust a 
specialized air tube connected with 
their tracheal system through the sur- 
face film and get air directly from the 
atmosphere; or, in the case of water 
boatmen, they can carry an air bubble 
below the surface with them on special- 
ized hairs or setae. 


Effects of Toxic Wastes 


Pollution by chemicals or toxic 
wastes is generally characterized by a 
general wiping out of certain species, 
particularly the sensitive mayfly and 
stonefly nymphs, caddisfly larvae, 
snails, and clams. Even the normally 
pollution-tolerant tubificid worms some- 
times fail to survive contaminated wa- 
ters receiving toxic material such as 
zine, copper, phenols, ete. But some- 
times there is merely a reduction in 
numbers of many forms, with the net 
result that the pounds of potential fish- 
food organisms per surface acre are re- 
duced by a large percentage. 


Illustrative Examples 


The following examples of effects of 
both organie and chemical pollution 
upon Michigan streams are given to il- 
lustrate the foregoing matters. 

In the discussion which follows, ref- 
erence is made to clean-water, faculta- 
tive, and pollutional animals. Prob- 
ably, only the use of ‘‘facultative’’ re- 
quires explanation: facultative animals 
are those forms that are able to live in 
fairly heavily-polluted areas as well as 
in clean-water situations. 


Menominee River System 


The Menominee River and the Brule 
River form the boundary waters be- 
tween Michigan and Wisconsin. The 
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Iron River is an important tributary of 
the Brule. The Menominee River 
proper begins at the junction of the 
Brule River with the Michigamme 
River. From this point to its mouth is 
a distance of 110.4 mi. 

The principal pollution in the upper 
Menominee and Brule Rivers arises in 
the Iron River-Stambaugh-Caspian area 
(see Figure 1). Above the city of Iron 
River, the Iron River (tributary to the 
Brule) is a clear unpolluted trout 
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stream. Iron River and Stambaugh, 
which is located about 7.6 mi. above 
the mouth of the Iron River, discharge 
their sewage untreated into the Iron 
River. However, the greatest damage 
to it is done by water pumped from the 
iron mines in the area. The iron mine 
waste water converts a clear stream into 
a red turbid stream. It is believed that 
the turbidity caused by the oxidation of 
iron prevents bottom animals from es- 
tablishing themselves because of the in- 
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FIGURE 1.—Percentages of clean-water, facultative, and pollutional bottom animals in 
Menominee River, May, 1951. 
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ability of light to penetrate to the 
bottom. 

On May 8, 1951, the riffles of the Iron 
River above Iron River, Stambaugh, 
and Caspian, Mich., supported at least 
24 species of bottom animals. No ani- 
mals were present immediately below 
these towns, and near the mouth of the 
Iron River only two kinds of bottom 
animals, both facultative forms, were 
present in very small numbers. 

This section of the river showed a 
satisfactory dissolved oxygen content of 
10.0 p.p.m. A relatively high B.O.D. 
of 10.2 p.p.m. and M.P.N. of 93,000 ex- 
isted at Caspian on May 7, according 
to results obtained by the Michigan 
Water Resources Commission. 

Tron River flows into the Brule River 
about 2.4 mi. below Caspian. The Brule 
River above the mouth of the Iron 
River is unpolluted and an excellent 
trout stream. Bottom samples were col- 
lected in the Brule River at Highway 
M-189 to obtain quantitative data on 
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8.0 Iron River: 
Iron River, Mich. 
Stambaugh, Mich. 
Caspian, Mich. 
Gaastra, Mich. 
Several iron mines in Michigan 
Brule River: 
Florence, Wis. (Fisher Creek) 
Menominee River: 
Iron Mountain, Mich. 
Kingsford, Mich. 
Iron Mines, Mich. 
Niagara, Wis. 
Kimberly-Clark Paper Co. 
Norway, Mich. 
Marinette, Wis. 
Marinette Paper Co. 
Menominee, Mich. 
Superior Sugar Co.5 
Marathon Paper Co. 
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the abundance of bottom animals above 
the mouth of the polluted section of 
Iron River. The Brule River was 
found rich in bottom animals and sup- 
ported nearly 5,000 bottom animals per 
square yard, including mostly clean- 
water animals belonging to the eaddis- 
fly and mayfly groups. 

The pollution entering the Brule 
River from Iron River on May 8, 1951, 
was of sufficient quantity to seriously 
affect bottom animal life in the Brule 
River. At Pentoga, bottom animals 
were reduced to only 36 per square 
yard. 

The next major source of pollution 
enters from the Iron River-Kingsford, 
Mich., area. At present, both Iron 
River and Kingsford discharge domes- 
tie sewage directly to the Menominee 
River untreated. The greatest single 
source of pollution in the upper reaches 
of the Menominee River has been the 
Kimberly-Clark pulp and paper mill at 
Niagara, Wis., employing the sulfite 
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process and discharging wastes with a 
population equivalent of approximately 
235,000. Norway, Mich., also discharges 
about 750,000 g.p.d. of sewage and 
about 3,000 g.p.d. of clear mine water 
to the Menominee River through Sewer 
Creek. The pollution from Crystal 
Falls enters the Paint River, a tribu- 
tary of the Menominee River, and ap- 
parently does not affect it seriously. 
Figure 1 shows the extent of recovery 
exhibited by the river between Niagara 
and the mouth of the river at Green 
Bay. 

The Menominee River is apparently 
heavily polluted from the standpoint 
of biological effects near its mouth 
where the Marinette Paper Company, 
the cities of Menominee, Mich., and 
Marinette, Wis., the Marathon Paper 
Company, and the Superior Sugar 
Company discharge their wastes. The 
cities of Menominee and Marinette pro- 
vide treatment plants. The industrial 
plants mentioned also have waste treat- 
ment facilities. The Marinette Paper 
Company hauls out approximately 50 
per cent of its concentrated spent sul- 
fite liquor for road and parking lot con- 
ditioning; the Superior Sugar Com- 
pany, which operates seasonally, la- 
goons its wastes. 

Table I lists the sources of pollution 
for the May 8-10, 1951, Menominee 
River survey. Figure 1 illustrates the 
percentages of clean-water, facultative, 
and pollutional animals, and the num- 
ber per square yard found at each 
station. 


Kalamazoo River 


Another striking example of the ef- 
fect of pollution is found on the Kala- 
mazoo River. 

The bottom fauna data for the Kala- 
mazoo River for November 19 and 20, 
1951 (Table II and Figure 2) illustrate 
more in detail how a well-balanced ani- 
mal population above Battle Creek is 
destroyed and replaced by pollutional 
forms. 


BIOLOGICAL EFFECTS OF POLLUTION 


Above Battle Creek, 22 species of 
bottom animals, totaling 729 individ- 
uals per square yard, were found in a 
single square-foot stream bottom sam- 
ple taken in a riffle area with gravel and 
rubble bottom. Mayflies, caddisflies, 
mollusks, beetles, aquatic earthworms, 
a variety of true flies, and true bugs 
(water boatmen) were represented. 

Battle Creek discharges wastes, 
mostly domestic sewage, from a pri- 
mary treatment plant. Biological con- 
ditions deteriorated rapidly below Bat- 
tle Creek to the point where only three 
species of bottom animals were found 
at a point a short distance below the 
Fort Custer bridge. Of these, 100 per 
cent were classified as pollutional. The 
numbers of individual animals per 
square yard of bottom about 6 mi. be- 
low the source of pollution increased 
ten-fold, but nearly all of them were 
tubificid worms, which are able to live 
where there is very little oxygen and a 
great deal of organic pollution. 

The damaging effects of Battle Creek 
sewage are reflected by the bacterio- 
logical data, which show an increase in 
most probable number (M.P.N.) from 
4,600 to more than 140,000 per 100 ml., 
and an increase in B.O.D. from 4.6 to 
5.2 p.p.m. during above average stream 
flows for this season. 

At Galesburg, about 26 mi. below 
3attle Creek, the number of species of 
bottom animals was increased by one 
(to 4) and the number of individuals 
were fewer (603 per square yard), but 
again 92.7 per cent could be classified 
as pollutional. 

At Comstock, about 30 mi. below 
Battle Creek, the stream has recovered 
to the degree that the wastes from Bat- 
tle Creek serve as fertilizer, or indirectly 
as food, for the bottom animals. The 
number of species has increased over 
Galesburg four-fold (to 16); the fer- 
tilizing effects of Battle Creek sewage 
are reflected in a total population 
nearly eight times the population at the 
‘‘eontrol’’ station above Battle Creek. 
At this point, the coarse gravel in the 
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riffles was matted down with the self- 
spun nets of the caddisfly larvae Macro- 
mena zebratum, Cheumatopsyche sp., 
and Hydropsyche orris. The aquatic 
earthworms, fingernail clams, crayfish, 
mayflies, beetle larvae, and a few fly 
larvae were represented. Clean-water 
forms made up 93.6 per cent of the ani- 
mals present. 

Pollution from the City of Kalama- 
zoo and its paper mills converts the 
river from a clear, recovered stream to 
gray, turbid, paper-fiber, and Sphae- 
rotilus-laden water in which no fish can 
live. But the riffles, with some aera- 
tion, supported a very pollution-toler- 
ant population of tubificids totaling 
3,051 per square yard at Cooper Road, 
about 6 mi. downstream from Kalama- 
z00. 

Below Plainwell Dam, only the very 
pollution-tolerant tubificids were to be 
found and these were very numerous. 
It is at this point that chemical and 
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bacteriological samples showed dete- 
riorating conditions prevailing on No- 
vember 20, 1951, when the dissolved 
oxygen was 9.3 p.p.m. (an abnormally 
high value not characteristic of normal 
flows, when oxygen approaches 0.0 
p-p.m.) compared with 15.0 p.p.m. 
above Battle Creek, the B.O.D. was 10.2 
compared with 4.6 above Battle Creek, 
and the M.P.N. was 460,000 compared 
with 4,600 above Battle Creek. 

At Otsego, about 20 mi. below Kala- 
mazoo, there were relatively few tubi- 
ficid worms, but a pollution-tolerant 
leech and a_ pollution-tolerant snail 
were abundant. Here the leeches were 
no doubt feeding upon the tubificids, 
thereby keeping their numbers down. 
Six species of bottom animals, 96.0 per 
cent pollutional, were found at this 
point. 

Below Trowbridge Dam, tubificids 
numbered 26,685 per square yard. A 
total of six species of bottom animals 
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FIGURE 2.—Percentage of clean-water, facultative, and pollutional bottom animals in 
Kalamazoo River, Nov., 1951. 
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TABLE II.—Number of Bottom Animals Per Square Yard in Kalamazoo River, 
November 19-20, 1951 


Below Below 
Above | Fort . Plain- Below 
S Gales- | Com- | Cooper Trow- | Allegan 
Battle | Custer well | Otsego : Allegan 
Creek | Bridge burg | stock | Road 
Earthworms: Tubificidae 5 7,713 558 18 | 3,051 630 — 26,685 819 81 
Crayfish, shrimp, ete. 9 72 - 54 
Leeches 27 9 324 9 
Snails and clams 72 . 225 522 180 
Mayfly nymphs 117 18 - 
Beetle larvae 63 - 2,394 
Caddisfly larvae 153 2,520 18 
Bugs (water boatmen 18 9 
Flies, larvae: 
Midgefiies 9 9 27 424 126 - 
Blackflies 9 
Other 
Total no. of animals 
Clean-water species 0 3 1 1 0 0 
Facultative species 0 0 1 0 2 0 
Pollutional species 4 3 3 5 4 2 
Total species 22 4 6 16 2 5 6 6 2 4 


was represented here also. All were 
pollutional forms. Below the Allegan 
Consumers Dam, about 35 mi. below 
Kalamazoo, only pollution-tolerant ani- 
mals were to be found. 

Recovery seems fairly rapid below 
the Allegan Dam, about 42 mi. below 
Kalamazoo. The presence of fresh- 
water shrimp (Gammarus) indicated 
cleaner water than existed above the 
dam. 


Lake Studies 


Although the quantitative sampling 
of lakes is less difficult and can be ear- 
ried out with greater sampling accu- 
racy, the interpretation of results is 
more difficult, because the number of 
species present are often few. 

In Michigan, however, it is believed 
that the results of bottom sampling in 
Fremont and Pickerel Lakes near Fre- 
mont, on January 29 and 30, and Feb- 
ruary 19 and 20, 1952, respectively, will 
serve as an illustration of the manner 
in which polluted and unpolluted lakes 
can be compared. 

Fremont Lake receives the treated 
wastes of the city of Fremont, which 
has a large food processing plant with 
some special waste treatment problems. 
After this lake was sampled late in Jan- 


uary, it was decided to sample Pickerel 
Lake, an unpolluted lake nearby with 
similar physical characteristics, to de- 
termine what differences existed in the 
bottom fauna populations of the two 
lakes. 

In 13 samples from Pickerel Lake, 
the unpolluted lake, there was a total of 
91,004 bottom animals for an average 
of 7,003 per square yard per sample. 
This could be compared with a total of 
14,900 bottom animals in 23 samples 
from Fremont Lake for an average of 
650 per square yard per sample. When 
the animals were classified as to their 
status as clean-water, facultative, or 
pollutional, and the possible pollution 
animals totaled, it was found that only 
2.7 per cent of the animals could be 
elassified as pollutional in Pickerel 
Lake, whereas 96.6 per cent could be 
classified as pollutional in Fremont 
Lake. 

The midgefly larvae of Chironomus 
tentans-plumosus and Procladius culici- 
formis were responsible for the small 
pollutional representation in the unpol- 
luted lake. These animals oceur in nat- 


ural deposits of rich mud containing 
algal cells and decaying vegetation. 
The most significant thing about the 
bottom fauna of Pickerel Lake as com- 
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pared with Fremont Lake, suspected of 
being excessively polluted, was the com- 
plete absence of tubificid worms. These 
animals are also characteristic of rich, 
partly decaying deposits of organic ma- 
terials more often characteristic of pol- 
luted than unpolluted habitats. In 
Fremont Lake, about one-half (11) of 
the total number of samples contained 
them. At seven other stations in Fre- 
mont Lake, conditions were so poor, 
even in winter when in the deeper 
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lakes oxygen conditions are at their 
best, that tubificids, phantom midge 
larvae, and all other animals could not 
live there. 


Acknowledgment 


The author is indebted to the Michi- 
gan Water Resources Commission for 
its splendid cooperation in carrying out 
the surveys reported herein and for 
supplying chemical and bacteriological 
data. 


NPA RELAXES MATERIALS CONTROLS 


Certain relaxations of construction 
regulations were recently announced by 
the National Production Authority, to 
take effect January 1, 1953. The ac- 
tion, originally scheduled for May 1, 
1953, is said to represent the most sig- 
nificant easing of construction controls 
by NPA since the institution of the 
original construction order, M-4, on 
Oct. 26, 1950. The relaxations increase 
the amounts of steel and copper that 
may be self-authorized for commercial 
and most other types of construction. 
The ban on recreational, amusement, 
and entertainment construction 
was lifted. 

The relaxation, in the form of an 
amendment to Direction 8 to Revised 
CMP Regulation 6, 
allotment U-6. Owners who are per- 
mitted to self-authorize purchase 
orders will use the allotment number 
T-9 for water wells and sewage sys- 
tems and plants under the jurisdiction 
of the NPA Water Resources Division. 

Beginning January 1, 1953, water 
and sewage projects will be able to 


also 


disecontinues the 


self-authorize, per project, per quarter, 
controlled materials in the following 
amounts: 


1. Carbon and alloy steel, 25 tons; 
including structural, but not to include 
more than 214 tons of alloy and no 
stainless. 

2. Copper, 5,000 Ib. 

3. Aluminum, 4,000 Ib. (Relaxation 
on aluminum does not become effective 
until May 1, 1953.) 


These quantities compare with previous 
self-authorized allowances of 5 tons of 
carbon steel (not to include more than 


2 tons of structural, but no wide- 
flange beams or sections), 1,000 lb. of 
copper, and 2,000 lb. of aluminum. 

In regard to the category ‘‘all other’’ 
construction, NPA is eliminating the 
distinetion between ‘‘industrial’’ and 
“*all other’’ construction and will per- 
mit the same self-certification quanti- 
ties for both. Water and sewage 
projects will be included in the ‘‘all 
other’’ category. 
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THE OPERATOR’S CORNER 


ConpuctTep BY HERBERT P. ORLAND 


In view of the concern of wastes 

treatment administrators over the in- 
creasing difficulties of securing ade- 
quate numbers of competent employ- 
ees, two articles in this issue of the 
JOURNAL deserve the careful study and 
appraisal of those at all employment 
levels. The first of these is ‘‘ Job Analy- 
sis and Evaluation in the Classification 
of Jobs,’’ by J. J. Wolf (see page 88). 
The second is the ‘‘Special Report on 
Sanitary Engineering Salaries,’’ by 
Zarnest Boyce and W. H. Wisely (see 
page 110). It is hardly possible to 
mention either of these subjects with- 
out involving the other to a greater or 
lesser degree. 

As employees, all are interested in 
receiving adequate pay for services 
rendered. But the different pay levels 
for apparently similar jobs take more 
than superficial appraisal to determine. 
That is where the techniques of job 
analysis and evaluation must come into 
play, and where employee interest will 
probably be greatest. 

Supervisory personnel, even to the 
level of the mechanie who has a single 
helper, will be particularly interested 
in the job classification procedures be- 
cause, as Mr. Wolf puts it, they must 
(a) satisfy the desires of the man who 
does the work, (b) establish the qualifi- 
cations required by those who seek to 
fill the job, and (c) establish adequate 
wage policies and levels in relation to 
the labor market from which they se- 
cure their personnel. 


UP-TO-DATE JOB APPRAISALS 


To deplore the inadequate wage and 
salary levels for personnel employed 
in the various phases of the sanitary 
engineering field is not enough; neither 
is the academic knowledge of how to 
proceed with job classification. The two 
must be combined to provide the urge 
to implement job classification, as it is 
only by gathering the required data 
and presenting them intelligently that 
much hope can be seen for many cases 
where inequalities in wage rates exist 
within a given plant. This, of course, 
is a matter that must be pursued at 
the local level, inasmuch as the several 
variables involved are almost entirely 
dependent on local conditions. 

It seems paradoxical that as opera- 
tors and supervisors we rely so heavily 
on the results of laboratory analysis of 
one type or another to keep our plants 
in good operating shape, but neglect 
to make more than a ‘‘wave-of-the- 
hand’’ analysis of the human element 
in plant operation. Certainly the per- 
sonnel who operate and maintain the 
equipment should be chosen as care- 
fully as the equipment itself—and then 
‘‘maintained’’ in appropriate manner. 

How better to set the ‘‘ Specifications 
for the Selection and Maintenance of 
Operating Personnel’’ than by follow- 
ing through the three phases of job 
classification within your own plant 
organization ? 


H. P. O. 
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JOB ANALYSIS AND EVALUATION IN THE 
CLASSIFICATION OF JOBS* 


By J. J. 
Plant and Field Section Job Analyst, The Atlantic Refining Co., Philadelphia, Pa. 


Each person’s job is different from 
that of his neighbor. It is because of 
these differences that certain satisfac- 
tions are derived from jobs; satisfac- 
tions as to rates of pay, prestige, a 
sense of achievement, and others. One 
may also feel certain dissatisfactions, 
however, in that a neighbor or col- 
league, whose job seems no better than 
the one under appraisal, may earn a 
higher salary. A natural question is: 
what makes one job pay a higher salary 
than another? Since different jobs can 
command different salaries, some or- 
derly method should be used in iden- 
tifying and cataloging job differences. 


Three Fundamental Phases 

That is exactly what job classification 
does. Any system of job classification 
must satisfy both the men to whom it 
will be applied and the management 
who will apply and administer it. The 
workingman’s interest in job classifica- 
tion comes from his desire to be paid 
the same as his neighbor for the same 
kind of work. Management’s interest 
is based on its need to: 


1. Satisfy the desires of the man who 
does the work. 

2. Establish the qualifications re- 
quired by the men who seek to fill the 
jobs. 

3. Establish adequate wage policies 
and levels in relation to the labor 
market from which it secures its per- 
sonnel. 


There are a number of different 
plans or methods used in classifying 
jobs. They differ principally in the 
evaluation phase. Regardless of which 


* Presented at 24th Annual Conference, 
Pennsylvania Sewage and Industrial Wastes 
Association; State College, Pa.; August 27- 
29, 1952. 


plan is used, there are three funda- 
mental phases. These are: 


1. Job analysis. 
2. Job evaluation. 


3. Job pricing. 
Job analysis seeks to determine: 


1. What is being done, and how, and 
why. 

2. The limits of responsibility placed 
on the men who work the job. 

3. The surroundings and conditions 
under which the job is done. 

4. The qualifications required of men 
who seek to fill the jobs. 


In job evaluation the jobs are placed 
in the proper relative order of value 
one to the other. 

Job pricing seeks to determine the 
general level of wages to be paid to 
previously evaluated jobs. 


Job Analysis 


All three phases of the classification 
system are necessary for a complete 
and well-rounded classification pro- 
gram. However, the first or job analy- 
sis phase ean be carried out without 
doing job evaluation or job pricing. 
Job analysis, as part of a classification 
system, seeks to determine first what is 
being done, how it is done, and why it 
is done. For existing jobs this is done 
by an actual study and observation of 
the work being performed. In the case 
of new jobs to be created, the deter- 
mination is not quite as easy. For 
these new jobs it is necessary for man- 
agement to determine the nature of the 
operations to be performed, who will 
perform them and, as an indirect re- 
sult, how many men will be required 
to staff the operations. 

Job analysis seeks to determine, sec- 
ondly, the responsibility limits of the 
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job. This again is learned from a study 
of existing jobs or by setting up new 
jobs as indicated previously. Here is 
determined the kind of decisions the 
man is permitted to make himself and 
those he must refer to higher authority 
and the effect of these decisions on his 
own work and that of others. Also 
determined is the extent to which he is 
accountable for products made, equip- 
ment operated or maintained, methods 
used, ete., and the possibility and con- 
sequence of any error on his part. 

As a third part of job analysis, the 
conditions are determined under which 
the work is performed. Is the work- 
place indoors or outdoors, clean or 
dirty? Are there conditions of tem- 
perature, pressure, fire, explosion, toxic 
or corrosive materials, or other haz- 
ards? What are the hours worked by 
the job-shift or day, or combinations of 
both? 


Job Requirements 


Thus far, the analysis has been based 
on facts gathered by study and observa- 
tion. In the last step of job analysis, 
use is made of the facts previously 
gathered to make judgments as to the 
qualifications required to fill the job. 
In setting up these qualifications three 
major items are usually considered; 
namely, educational requirements, ex- 
perience requirements, and physical re- 
quirements. Since one person’s opin- 
ions as to job qualifications will differ 
from those of another, several qualified 
persons should participate in this phase 
of the analysis. 

Educational requirements for the job 
will be based on that minimum level of 
educational attainment needed to per- 
form the duties of the job. A laborer 
may be required to read, and perhaps 
to write and do simple addition and 
subtraction. On the other hand, a head 
operator may be required to use per- 
centage and be able to read charts and 
graphs, or even have a knowledge of 
simple chemistry and physics. The 


determination of educational require- 
ments is rarely as simple as this. More- 
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over, as jobs become increasingly com- 
plex, educational requirements usually 
become higher. 

Experience requirements for the job 
are determined on the basis of the kind 
and amount of past experience neces- 
sary to start on the job, the new things 
which must be learned on the job, and 
how long it will take to learn them. 
Where there are a number of jobs in 
the plant the duties can be so arranged 
that a logical progression can be had 
from one job to another. A simple il- 
lustration might be a plant requiring 
a laborer, an operator helper, and an 
operator. The laborer’s duties may be 
such that he covers a considerable por- 
tion of the plant sufficiently to become 
acquainted with the location of the vari- 
ous pieces of equipment. After a cer- 
tain length of time he might qualify 
as an operator helper. However, before 
he could perform the duties of the 
helper he must learn something of the 
operation of the plant in order to be 
more than just another pair of hands 
to the operator. Therefore, there must 
be some indication, not only of the kind 
and amount of past experience required 
to start on the job, but also of those 
things which must be learned after a 
man is placed on the job, and how long 
it should take to learn them. 

Physical qualifications are perhaps 
the easiest to fix upon. It is obvious 
that a laborer needs a strong back and 
good arms and legs. As jobs become less 
manual in nature these physical attri- 
butes become less significant. Con- 
sideration should also be given to spe- 
cial physical requirements. Some jobs 
require special finger dexterity. Some, 
such as a chemical tester or dye bath 
operator, require keen color perception. 
Others, such as an octane tester, require 
a high order of sound perception. 


Job Evaluation 


Having learned what is done, and 
how, and why, the conditions under 
which the job is performed, and the 
responsibility limits and qualifications 
for the job, we are now ready to enter 
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into the second phase, or the evaluation 
of the job. There are numerous evalua- 
tion plans in existence. However, there 
are three basic plans, which are used 
separately or in various combinations. 
The three basic plans are: 


1. Job ranking. 
2. Point rating. 
3. Factor comparison. 


Each has its advantages and disadvan- 
tages. Regardless of which plan is 
used, judgment plays a large part in its 
operation. As in the consideration of 
the job qualifications, job evaluation 
should be undertaken only through the 
participation of several qualified per- 
sons. 


Job Ranking 


In job ranking the job is considered 
as a whole and judgment is passed as 
to whether the job is more difficult or 
less difficult to perform than another. 
In considering difficulty, all of the ele- 
ments mentioned previously—such as 
education, experience, responsibility— 
nust be given attention. By consider- 
ing each job and comparing it with 
every other job, a listing of jobs is 
finally arrived at in which the most dif- 
ficult or biggest job is placed first in 
the list and the least difficult job is 
placed last. Job ranking has the ad- 
vantage of simplicity and ease of ap- 
plication. However, it has the disad- 
vantage that it does not place any scale 
or value on the job and, hence, does not 
indicate how much different one job is 
from another. It has the further dis- 
advantage of not being applicable to 
more than a relatively small number of 
different jobs with any significantly 
satisfactory results. 


Point Rating 


Point rating systems break the job 
down into several component parts. 
These parts vary in number and scope, 
but include, in varying degrees, the 
complexity of the jobs; responsibility 
for materials, equipment, records, su- 
pervision, money, ete.; experience ; edu- 
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cation; hazards; strength; and others. 
Various levels of these components are 
arbitrarily defined and weighted and 
fixed-point scales are applied. The 
jobs are then examined as to where 
they fit on these fixed arbitrary scales 
and the total of the points so assigned 
for various components determines the 
value of the job. 

Point rating systems have the advan- 
tage of clearly defined values for dif- 
ferent levels of job components and are 
applicable principally to production 
line jobs that do not change signifi- 
cantly over long periods of time and in 
which significant differences can read- 
ily be recognized. By the very method 
in which the seales are set up, the sys- 
tem does not lend itself too readily to 
the operations in chemical plants or 
similar jobs. Its principal disadvan- 
tage lies in the rigidity of the scales 
developed and, in many eases, in the 
multiplicity of components so sealed. 
Point rating systems further require 
that a very detailed and minutely spe- 
cifie job analysis be made of the jobs. 


Factor Comparison 


A third evaluation method is factor 
comparison. While by no means per- 
fect, it combines the better features of 
job ranking and point rating systems. 
Here again the job is broken down into 
its component parts, the number of 
parts or factors being dependent on 
how closely they can be differentiated 
without becoming unduly restrictive or 
creating overlapping areas. At least 
three factors are used; namely, com- 
plexity, responsibility, and conditions 
of the job. 

In the evaluation plan used by The 
Atlantic Refining Company, use is 
made of factor comparison by the fol- 
lowing five factors: 


Mental effort. 
Skill. 

Physical effort. 
Working conditions. 
Responsibility. 
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For the factors of mental effort, skill, 
and physical effort, a genuine attempt is 
made to insure that the job content, the 
educational, experience, and physical 
qualifications required of the job, and 
the extent to which these qualifications 
are used in doing the job, are all ex- 
amined. These factors are then com- 
pared with the same factors for similar 
or related jobs. The job under con- 
sideration is then placed in its proper 
scalar position relative to the jobs used 
for comparison purposes. In working 
conditions, the general surroundings 
and hazards of the job are examined 
and compared with the surroundings 
and hazards of similar or related jobs. 
In responsibility, the items for which 
the job incumbent is held accountable 
are examined, as well as the degree of 
the accountability and the possibility 
and consequences of any error on his 
part in carrying out his assigned re- 
sponsibilities. Having thus sealed the 
job under consideration for the various 
factors, the total of these values repre- 
sents the total of the job. 

Regardless of which of the three sys- 
tems of job ranking, point rating, or 
factor comparison have been used for 
evaluation purposes, one final step is 
necessary to complete the evaluation 
phase. This step is the grouping of the 
jobs into various labor grades, in order 
that there may be a sufficient degree of 
flexibility in the administration of the 
job rates and that narrow differences 
between jobs and a multiplicity of 
labor rates can be avoided. This 
grouping into job grades should follow 
a logical pattern consistent with the 
kind of analysis and evaluation pro- 
cedure used, and should further pro- 
vide for ready comparison with the 
labor market from which people will 
be drawn to fill the jobs. 


Job Pricing 
In the last major phase of the clas- 
sification program, an effort is made to 
relate the jobs being classified with 
those in the labor market concerned. 
This is job pricing, and in this phase an 
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attempt is made to determine the gen- 
eral level of wage rates in the labor 
market for the jobs required to be done. 
In carrying out the job pricing phase, 
there are three steps: 


1. Conducting the wage survey. 

2. Analysis of the survey data. 

3. The determination, from the data, 
of the wage policy and levels for the 
jobs under consideration. 


In conducting the survey, there are 
selected from among the jobs those 
which: 


1. Are done by others in the general 
labor market. 

2. All agree are properly related in- 
ternally through the application of job 
analysis and job evaluation. 

3. Have stable histories of wage 
levels and comparisons in the labor 
market. 


The cooperation of competitors, al- 
lied, and related industries in the labor 
area is solicited to determine which of 
the jobs, as previously selected, they 
also have and what wage rates are paid 
for these jobs. These data are tabu- 
lated and analyzed by various means to 
determine the existence of any central 
tendency or band of rates. 

If the central tendency is clearly 
shown, then this serves as a basis for 
indicating the wage seale to be applied 
to the jobs being analyzed. It is en- 
tirely possible, however, that no par- 
ticular trend will be found. In that 
event, the data can serve only as a very 
broad basis to relate the company’s 
total payroll to that of its competitors 
and related industries in the particular 
labor area. 


Summary 


In summary, jobs can be classified 
more easily and accurately by the ap- 
plication of a systematic and orderly 
program. The entire program entails 
job analysis, job evaluation, and job 
pricing. Job analysis determines the 
nature of the job and the qualifications 
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required by those seeking to fill the 
jobs. Job evaluation seeks to determine 
the proper internal relationship of job 
values within the company’s own or- 
ganization. Job pricing determines the 
proper external relationship between 
the company’s jobs and those of its 
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competitors and related industries in 
the particular labor market area. For 
a successful job classification program, 
job analysis is an orderly approach. 
Job evaluation and job pricing are es- 
sential for a complete job classification 
program. 


OPERATION KINKS AT THE GOWANDA, N. Y., STATE 
HOSPITAL SEWAGE PLANT 


By L. Epwarps 


Senior Operator, Sewage Treatment Plant, Gowanda State Hospital, Gowanda, N. Y. 


Much necessary repair work was re- 
cently completed at the Gowanda State 
Hospital sewage treatment plant. 


Settling Tank Repairs 


Evidently wear caused by extended 
use of the primary settling tank mecha- 
nisms caused the shafts to warp, break- 
ing chains between the flights and even 
breaking the flights themselves. Why 
the shear pins did not snap remains a 
mystery. Both the No. 1 and No. 2 
tanks were shut down within a month 
of each other. 

It was necessary to melt the babbit 
from the bearings to get them off the 
shafts and ready to put on the new 
shafts. New turnshafts were installed 
in the bottom of each settling tank. 
The bearings were rebabbited 0.025 in. 
oversize. At the same time, the six 
sprockets on each skimmer unit also 
were restored to 0.025 in. oversize for 
freer operation. 

The top shaft at the influent end of 
No. 2 settling tank was removed to in- 
stall a new drive sprocket for the col- 
lector chains and flights. A new chain 
was put in from the drive sprocket to 
the reducing gear. New chains also 
were attached to the redwood flights 
in sections, the chains being stretched 
tightly over and around the sprockets 
by use of chain falls. This enabled re- 
moval of a few excess links from each 
side of the tanks. As part of the work, 


8 new flights and 2 new pivoted flights 
were fastened to the chains in proper 
order. 

All installations were checked in op- 
eration, the necessary corrections being 
made as to tank and sprocket clearance. 
The flights were cut to size wherever 
there was a chance of binding. 

New pivot bolts and castle nuts with 
cotter pins were installed on each 
pusher flight. The saddles in which 
the peak cap sliding bearings were set 
had such a thin hairline of metal 
across the top that it was necessary to 
reinforce them with a solid piece of 
round steel bolted to a plate under the 
saddle. This proved satisfactory and 
saved the expense of buying new sad- 
dles, as well as eliminating a reoceur- 
rence of the shaft damage. The T-rails 
were straight as originally installed and 
new T-rail wearing shoes were put on 
each new flight. 

The rubber squeegees were then cut 
and attached to the skimmers and the 
skimmer chains were adjusted. Bear- 
ings were greased, and motors and re- 
ducing gears checked for oil and grease 
in preparation for a trial run. 

The tanks were half-filled with water 
and the flights were run for one day be- 
fore the tanks were refilled with sewage. 
Because the plant has no by-passes, it 
was necessary to keep one tank in oper- 
ation while the other was out of service. 
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The rehabilitated tanks so far have 
been doing an A-1 job. 


Digester Cleaning 


During the summer of 1952 the No. 1 
digester was emptied, as it was known 
that there was much heavy silt in the 
bottom. This also provided an oppor- 
tunity to check the concrete work, hot- 
water coils, scum breakers, sludge stir- 
rers, and gas domes. 

Dewatering of the digester revealed a 
heavy concentration of sand and in- 
organic materials around the periphery 
of the tank away from the sludge 
stirrer paddles. This material had to 
be shoveled into buckets, hoisted out of 
the digester by ropes, and hauled away 
for disposal. Of the 80 ecu. ft. thus 
handled, about 6 cu. ft. consisted of 
toothbrushes, combs, and pipe stems 
discarded by the patients. Mechanical 
installations and heating coils in the 
digester were found to be in excellent 
condition. 

During the digester cleaning a suc- 
tion blower was used to draw fresh air 
in through the scum manhole and out 
through the open gas dome. This 


FIGURE 1.—Small stream of water into sludge inlet pipe to vat breaks scum film and 
keeps sludge running freely. 
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worked well, no difficulty being experi- 
enced with gas at any time. 

The gas dome and gas collector cham- 
ber were found to be in very bad con- 
dition. Therefore, they were cut out 
and new domes were fabricated and 
welded in. The steel work was then 
given two coats of Inertol paint before 
being put back in service. 


Sludge Dewatering 


In drawing sludge from the digester 
there had always been some difficulty 
encountered. With the enormous quan- 
tity to be dried during the digester 
dewatering operation, therefore, it was 
of advantage to experiment with pro- 
cedures of conditioning and filtering. 

In the present instance a total of 63,- 
905 gal. was drawn, using 5,050 Ib. of 
lime and 1,679 gal. of 15 to 20 per cent 
(Baumé) ferric chloride. The wet cake 
obtained amounted to 93.76 tons, or 
30.81 tons of dry cake with a volatile 
content of 47.76 per cent. 

Sludge from the digester has been of 
the thick, black, heavy type. When 
treated with ferric chloride in the first 
conditioning tank, it became so heavy 


7 
Sis 
3 
7 


SEWAGE AND INDUSTRIAL WASTES 


January, 1953 


FIGURE 2.—Substitution of quicklime for hydrated lime in sludge conditioning elimi- 
nated cloth blinding during normal 6-hr. filter runs, increased filter effectiveness, and 


reduced operating costs. 


and thick that water had to be added to 
keep it moving through the second to 
the third conditioning tank, where lime 
is introduced and the mixture is agi- 
tated by air. The mixture then flows 
to a bucket elevator for raising to a re- 
ceiving chamber, from which it flows 
by gravity through a 3-in. pipe to the 
drum vat. The main problem has been 
to keep the heavy treated sludge flow- 
ing easily enough to maintain continu- 
ous operation of the vacuum filter. 

Cloth blinding was only one phase of 
the problem, plugging of the system 
piping demanding much more atten- 
tion. It took about 11% hr., however, 
to wash and rinse the filter cloth, so 
production was extremely limited. 

The first experiment was to add 
enough water in the initial conditioning 
stage to make the mixture flow easily. 
This, however, reduced the effective- 
ness of the ferric chloride. To restore 
the mixture to a proper drying time, 


more ferric chloride was added, which 
brought the quantity of this material 
considerably above that normally re- 
quired for a given amount of sludge. 


Further Conditioning Experiments 


Other experimental changes included 
addition of just enough water in the 
first conditioning tank to maintain flow 
through the stages of ferric chloride 
and lime addition and mixing. At this 
time the correct amount of ferric chlo- 
ride was added, but no excess of water. 
The sludge mixture then followed the 
original pattern of becoming too heavy 
and thick to flow from the elevator dis- 
charge to the sludge vat. 

Asa result, another change was made 
at the elevator discharge chamber (Fig- 
ure 1), where enough water was added 
to thin the sludge mixture to a consist- 
ency suitable for maintaining a proper 
level in the filter tub. This procedure 
also kept the sludge mixture stable 
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enough so that the 16- to 20-see. drying 
cycle could be held. Blinding of the 
cloth still occurred, however, after filter 
runs of 2 to 3 hr. 

Apprehension about the rapid deple- 
tion of available chemical stocks led to 
further changes. Some drums of quick- 
lime were obtained from the hospital 
waterworks, where it is used for pH 
control. Use of this form of lime in the 
same quantity as the hydrated lime, but 
with less ferric chloride, eliminated 
cloth blinding during normal 6-hr. 
filter runs. Using the quicklime and 
adding dilution water at the sludge 
elevator discharge chamber increased 
filter effectiveness (see Figure 2) to the 
point where a normal 6-hr. run dried 
from 3,700 to 4,165 gal. of sludge, pro- 


General 


The year 1950 broke 13 20-year 
weather records, which condition was 
reflected in plant operation. High 
flows with high dilutions necessitated 
giving only primary treatment to al- 
most double the percentage of flow so 
treated in a 10-year period. The 
weather conditions also resulted in low 
total gas production (4,000,000 eu. ft. 
less than in 1949 and about 9,000,000 
less than in 1948), necessitating exces- 
sive use of gasoline and fuel oil for 
engine operation and heating. 

As a whole, 1951 was quite similar to 
1950, both as to weather conditions and 
general quality of the raw and effluent 
sewage. Raw sewage flow averaged 8.1 
m.g.d., up 11.3 per cent from 1950. 


* For last previous extract see THis Jour- 
NAL, 22, 11, 1490 (Nov., 1950). 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


Experience is what you get when you’re looking for something else. 


20th and 21st Annual Reports of the Aurora, Ill., Sanitary District Sewage 
Treatment Plant for the Years 1950 and 1951 * 


By Water A. Sperry, Superintendent 
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ducing from 100 to 125 cans of sludge 
cake weighing about 125 lb. each, or an 
average increase of 600 to 1,000 gal. 
and 35 to 50 cans, respectively. 


Operational Economy 


By introduction of a fine stream of 
water in the final stages of digested 
sludge conditioning and the use of 
quicklime with reduced ferric chloride 
dosage, the Gowanda State Hospital 
sewage treatment plant is saving hun- 
dreds of gallons of water, many pounds 
of chemicals, and 6 man-hours each day 
of filter operation, in addition to de- 
watering up to 1,000 g.p.d. more sludge 
containing more than half a ton of dry 
solids. 


Both B.O.D. and suspended solids were 
down, however, the former to 76 p.p.m. 
(111 p.p.m. in 1950), the latter to 162 
p.p.m. (179 p.p.m. in 1950). Over-all 
removals were slightly lower in 1951 
than in 1950, but gas production in- 
creased by 8.1 per cent. 


Accidents 


The plant accident record for 1950, 
although annoying as to number, was 
not serious. In May, a man fell off a 
ladder, suffering a strained back and 
requiring 4 days in hospital and 14 
days off duty. Otherwise, there were 4 
instances of foreign particles in the eye, 
requiring one doctor visit, but no lost 
time. 

In 1951, four accidents necessitated 
compensation insurance claims. One of 
these was a minor eye injury. Another 
was an elbow injury, which did not in- 
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capacitate, but required several months 
of treatment. One man had a hand in- 
jured in handling heavy pipe out of 
the river. His recovery, however, was 
good. The final accident, occasioned by 
flooding of the plant garage floor one 
night during a heavy rain, resulted in 
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a man slipping into a manhole, causing 
a nerve injury to the shoulder muscles 
which was so serious that recovery of 
the arm was questioned. This one ac- 
cident alone will probably result in a 
fairly heavy compensation insurance 
claim. 


TABLE I.—Summary of 1950 and 1951 Operation of the Aurora (Ill.) Sanitary 
District Sewage Treatment Plant 


Item 


Tributary population (estimated)... ... 


Sewage treated (m.g.d.): 
Complete 
Primary only 

Screenings (cu. ft. per m.g.)...... 

Grit (cu. ft. per m.g. ). “ 

Volatile (%).. 
Grease and scum ‘(ec u. ft. per m.g.). 
Suspended solids (p.p.m.): 


Filter effluent. .. 

Reduction (%)........... 
Pounds per capita in raw. . 


B.O.D. (p.p.m.): 


Settled 

Filter effluent...... 

Reduction (%) 

Pounds per capita in raw. . 
consumed (p.p.m.): 


Settled 
F ilte r effluent. 


Reduction G 
—— as free NH; (p.p.m. n.): 


Se tile d 

Filter effluent... 

Nitrogen as NO;- fins il off. (p. p. m.) 
Raw sludge: 

Total solids (%). 

Volatile solids (%) 

Equiv. dry sol. pumped (lb. /day). ; 
Final settling tank sludge:* 

Total solids (%) . 

Volatile solids 

Equiv. dry sol. (Ib. day) 


*To 2nd-stage digesters. 


Average 
1950 


36.21 
57,250 


7.25 
4.03 
3.22 
1.08 
1.63 


58,500 

8.07 
5.16 

2.91 

0.75 

62.8 64.7 

0.47 0.40 

Settled... 80 72 

0.189 0.186 
111 76 

ae 39 25 

28 18 
74.7 78.0 7 

26 24 

a Nitrogen as total org. N (p.p.m.): 
14.9 14.2 | 
11.2 11.0 
9.7 9.2 

= 4.9 6.0 
4.5 4.9 

280 220 
4.4 5.1 
ES: 56.4 57.2 
27 41 : 
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Item 
Transfer sludge—Ist stage to 2nd stage: 
Total solids (%) 
Volatile solids (%) 
Equiv. dry sol. pumped (Ib. /day) 
Digested sludge: 
Total solids (% 


Supernatant (from 2nd-stage digesters): 


Volatile solids(%) 
Gas production: 


Cu. ft./lb. volatile matter added. ..... 
Cu. ft./lb. volatile matter destroyed... .. 
Gas produced in Ist stage (%)........ 


Gas composition: 


B.t.u. (net) 
Gas engine earning statement: 
Total engine investment ($) 
Net earnings in year ($) 
Total net earnings to date ($) 
Plant operating costs ($): 
Retirement fund 
Interceptor system 
Laboratory....... 
New equipment....... 


Gas engines 
Miscellaneous.............. 


Total cost per capita. ............... 
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Total disbursements (operation, interest, 


bonds, etc.) ($): 


Improvements and Additions 


The tractor with ‘‘saddle’’ bins, used 
for sludge bed work, was replaced in 
1950 by a new tractor with new bins of 
the same general design, but greatly 
improved in the matter of using a 
heavier weight of rust-resisting steel 
and in the provision of a winch ar- 
rangement for quickly removing the 
bins for maintenance purposes. 

During the same year the muffler in 
the pump room engine system was elim- 


1950 mane 1951 
1.8 2.2 
52.2 51.5 
113 100 
a 9.5 9.3 
53.8 48.4 
0.26 0.42 
47.8 49.7 
Bs 4.94 5.29 
14.70 10.4 
i 4,140 4,010 
0.524 0.553 
64.2 73.6 
7 31.9 32.5 
0.3 0.3 
a 3.1 2.4 
63.5 63.9 
1.0 0.8 
a 118 132 
581 584 
18,321.50 18,321.50 
1,006.86 1,772.64 
69,146.35 70,918.99 
36,909.84 41,008.04 
3,898.84 3,997.50 
2,824.37 2,865.61 
138.18 192.87 
646.42 723.60 
241.43 330.19 
a 5,209.90 608.08 
2,738.23 3,015.29 
ar 4,487.38 3,994.69 
4,455.95 3,661.93 
61,550.51 60,397.80 
23.25 20.50 
1.075 1.033 
67.78 31.73 


inated and a new design of heat ex- 
changer was installed. It is anticipated 
that the new unit will be more efficient 
as a heat exchange device and will give 
less trouble from corrosion. 

The year also saw all of the stucco 
removed from the screen house, and 
treatment of this building with a two- 
eoat application of gunited water- 
proofed concrete. Not only was the ap- 
pearance of the building much im- 
proved, but the maintenance treatment 
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also bids fair to last for 10 or more 
years. The digester building was 
single-coated with the same material. 

The lighting system in the office, lab- 
oratory, and shop was changed from 
incandescent to fluorescent type, greatly 
improving the lighting conditions in 
these rooms. 

New aluminum deck plates were 
added to the catwalk located in the 
sludge valve pit between the clarifiers. 
The iron webbing formerly used had 
completely rusted away. 

Building improvements in 1951 con- 
sisted of new roof coatings on the elari- 
fier house and gunite coating of the 
clarifier house walls. The office and 
laboratory floors were relaid with Lino- 
tile blocks, replacing the worn-out bat- 
tleship linoleum. <A new overhead 


January, 1953 


lighting system was installed in the 
pump room to remedy the poor condi- 
tions existing. 


Maintenance 


3esides the usual maintenance work, 
there was the unusual necessity for re- 
placing more than 50 filter nozzle heads 
that had been kicked off by a group of 
boys visiting the plant on a Sunday. 
The damage was repaired by silver 
soldering the head to the stem for about 
$30, whereas replacements would have 
cost about $130. 

A slight difference in the spacing of 
the flight chain sprockets on one of the 
three shafts in the secondary settling 
tanks had worn more than 100 link pins 
almost to the breaking point. The re- 
pair consisted of using hydraulic jacks 


TABLE II.—Summary of 1949-50 and 1950-51 Operation Data at Detroit, Mich. 


Item 
Rainfall, total (in.). 
Sewage temp. (°F.).. 
Est. connected pop.. . 
Sewage pumped (m.g.d.) 
Solids removed: 
Grit, total (tons): 
Wet.. 
Dry 
Volatile 
Sluiced wet. 
Tank scum, total (tons): 
Wet 
Dry. 
Volatile 
Susp. solids, total (tons): 
Dry... 
Volatile. 
Total solids, total (tons): 


Analytical data: 

Susp. solids (p.p.m.): 
Influent... 
Effluent... 
Reduction (%).... 

B.O.D. (p.p.m.): 
Influent... 
Effluent. 

Reduction (%) 

Grit: 

Solids (%). 
Volatile (%)... 

Raw sludge to digester: 
Total solids (©) 
Vol. solids (%) 


Average 
1949-50 1950-51 


43.15 34.47 
65 65 
2,550,000 2,600,000 
402.1 387.6 


17,721 
8,566 
3,064 


345 


17,177 


7,704 


1,607 
1,045 
940 


61,209 
38,586 


70,820 
42,590 


69,589 
44,253 


210 
111 
46.9 


143.4 
87 
39.3 


: 

| 
3,163 

= 819 

1,717 
1,117 
1,007 

60,768 

40,083 : 
Dry 
Volatile 
115 

46.7 
125.1 
41.3 

4 

48.3 45.4 

35.8 41.1 
10.4 10.2 
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Item 

Sludge digestion: 
Dry solids added (tons)... ... 
Dry solids withdrawn (tons). . 
Gas produced: 


Supernatant: 
Solids (%)....... 
Vol. solids (% 
Sludge filtered: 
Mixed sludge to filters: 
Solids (%)......... 
Dry solids (tons)... ... 
CaO used (%)*......... 
CaO used (%)t.... 
FeCl; used (% 
FeSO, used (%)........ 
Filter yield (Ib./sq. ft./hr.). 
Sludge cake: 
Total solids (%). . 
Vol. solids (%) 
Incineration: 
Wet 
Dry (ome) 
Wet feed rate (tons/hr./inein.)........ 
Fuel oil per wet ton burned (gal.)...... 


* With FeCl. 


+ With FeSO,. 


to slide the misplaced sprocket back to 
its correct position and replacing the 
worn pins. 

Severe corrosion of the gas supply 
line leading from the digester house to 
the secondary pump house was found 
by introducing a pint of synthetic win- 
tergreen oil into the pipe. By driving 
rods into the ground along the route of 
the pipe, located with magnetic appara- 


Sludge Conditioning 


Sludge solids filtered during the year 
(1949-50) totaled 47,154 tons: 34,301 


* For last previous extract see THis Jour- 
NAL, 22, 7, 944 (July, 1950). 


EXTRACTS FROM OPERATION REPORTS 


TABLE II.— 


Annual Reports of the Detroit, Mich., Sewage Treatment Plant for the Fiscal 
Years Ending June 30, 1950, and June 30, 1951 * 


By Frep H. Buruey, Engineer of Sewage Treatment 
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Continued 


1950-51 

25.45 30.06 
14,254 13,331 
7,121 10,676 
82,560 87,533 
6.29 5.64 

14.04 20.97 

; 6.2 8.0 
47.4 50.6 

10.3 10.4 

7.1 57.8 
103.48 107.98 
47,154 48,626 
9.4 9.4 

12.8 12.0 

1.02 0.62 
3.75 2.04 
3.2-5.1t 3.5-4.4t 

35.5 34.9 
52.1 53.8 
173,675 179,446 
64,375 64,813 
32,497 34,302 
10.0 9.8 


t Depending on conditioning chemicals used. 


tus by the local gas utility, the odor of 
wintergreen oil quickly revealed the 
punctured condition of the pipe. The 
obstructed routing of the line would 
have made replacement extremely un- 
economical, so permanent arrangements 
for an oil heater and fuel oil storage 
tank were made. 

Table I is a summary of the 1950 and 
1951 operating data. 


tons using ferric chloride as the coagu- 
lant, 10,393 tons with ferrous sulfate, 
and 2,460 tons with a combination of 
the two. 

Use of ferrous sulfate in the form of 


Average 
Cu. ft. per lb. vol. sol. added. ...... 
; Cu. ft. per lb. vol. sol. cons. aoe 
3 
0.084 0.056 
3 a 
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waste pickle liquor from a nearby steel 
mill began on a routine basis in Oc- 
tober. One additional 10,000-gal. stor- 
age tank, new pumps, and new piping 
were installed during August and Sep- 
tember. The new storage tank and pip- 
ing are equally suited for ferrie chlo- 
ride. 

Normal operation contemplates 60 
per cent use of ferrous sulfate and 40 
per cent use of ferric chloride during 
all seasons of the year when sludge is 
amenable to the former. This permits 
a close comparison of results for each 
coagulant under similar operating con- 
ditions and a dual source of supply. 

Waste lime slurry from acetylene 
manufacture continues to be the major 
source of lime for sludge conditioning. 
A stand-by is kept on hand in the form 
of pebble lime. 

Chemical dosages have been succes- 
sively reduced until, in 1950-51, the 
following dosages were used: 
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Ferric chloride .......... 
Ferrous sulfate .......... 
CaO, with FeCl, ......... 
CaO, with Fe(SO,) 


0.62 per cent 
2.04 per cent 
9.4 percent 
12.0 per cent 


An experimental run was conducted 
using chlorinated pickling liquor with 
lime as conditioning agents. In this 
run 1,363 tons of dry solids were fil- 
tered with 12 tons of chlorinated pick- 
ling liquor as a ferric chloride equiva- 
lent. This required a 0.90 per cent dos- 


age. 
Miscellaneous 


A compressed air line was installed 
between the pumping station and the 
sedimentation tanks during 1949-50. 
This provides air to clear out plugged 
sludge lines, break down arched sludge 
blankets, and operate pneumatic equip- 
ment. Also, a steam line was installed 
in the railroad track scale pit to pre- 
vent excessive rusting of the scale 
beams and knife edges. 

Operating data for 1949-50 and 
1950-51 are summarized in Table IT. 


Assistant Sanitary Engineer (R), Arctic Health Research Center, U. S. Public Health Service, 


In Fairbanks, Alaska, the problem of 
freezing sewers has plagued residents 
and city officials ever since the present 
sewer system was constructed in 1938. 
In the approximately 13 mi. of sewer 
lines, there are more than 100 dead 
ends. There is as little as 4 ft. of cover 
over the lines in many places; and since 
they are laid in the street, the insula- 
tion value of snow cover is practically 
eliminated. The water supply of Fair- 
banks consists of private wells giving 
water of poor quality (hardness up to 
900 p.p.m. and iron up to 100 p.p.m.). 


This results in low water usage. These 
facts, together with relatively flat 


grades and an extreme climate, lead in- 
evitably to freezing. 


A nehorage 


Alaska 


When freezing occurs, the lines must 
be thawed with steam generated by 
portable boilers. The annual cost of 
such thawing operations alone is ap- 
proximately $20,000, an exorbitant cost 
for a city of 8,000 population. Various 
devices and operating procedures have 
been carried out in an attempt to over- 
come this annual costly freeze-up. One 
such device is described in the follow- 
ing. 

Observations on the system begin- 
ning in 1949 indicated that low flow 
was one of the most significant factors 
affecting freezing. Accordingly, in Oc- 
tober, 1951, the city of Fairbanks, in 
cooperation with the Arctic Health Re- 
Research Center (U.S.P.H.S.), con- 
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structed a flush tank at one of the dead 
ends to determine whether or not freez- 
ing could be prevented by its use. A 
line that had $1,500 in thawing costs 
charged against it for the previous 
winter was selected for the test. 

Tentative plans followed conven- 
tional flush tank design with the excep- 
tion that the water was to be heated. 
Both oil and electricity were considered 
as means of heating. Oil heat was 
ruled out because it would require more 
attention than could be given it. In- 
vestigation of power costs showed elec- 
tricity to be too expensive. Therefore, 
the heating idea was dropped. 


As-Built Construction of Tank 


Since winter was just around the 
corner, the final design was dictated by 
whatever materials and equipment 
could be obtained within a reasonably 
short length of time. 

The as-built construction of the tank 
is described as follows: 


A section of 4-ft. wood stave manhole 
with a mastic-coated, 2-in. plank bottom 
and a 2-in. plank cover was used for the 
tank proper. In addition to being 
cheaper, the manhole section was much 
easier to install in freezing weather 
than either masonry or concrete. 

To control flushing, a 4-in. Miller 
siphon with a drawdown depth of 1314 
in. was used. This arrangement dis- 
charges about 115 gal. per flush. 

A 2-in. well was driven through the 
bottom of the tank to supply the neces- 
sary water. A pump with a capacity 
of 660 g.p.h. was available, so that is 
what was used. The pump was mounted 
inside the tank, as close to the top as 
possible. 

As a precaution against flooding the 
pump motor if the sewer froze in spite 
of the flush tank, a check valve was 
placed in the tank outlet and a float 
switch was attached to the motor. 

To allow easy access to the tank no 
backfill was placed over the top. In 
its place, a 4-in. layer of sawdust en- 
closed in a canvas sack was used. 
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Thermocouples were placed outside 
the tank at 1-ft. intervals from the top 
of the tank to 1 ft. below the tank bot- 
tom. These were installed to determine 
whether or not some type of insulation 
might be valuable in future installa- 
tions of a similar nature. Thermo- 
couples were also placed in the water 
supply line, in the water in the tank, 
and in the air above the water level. 


Operation 


The tank was put into operation on 
December 12, 1951. Leakage was noted 
on this date to be about 250 g.p.h. 
through the tank. However, by the 
middle of February, 1952, leakage was 
practically non-existent and develop- 
ment of the well had raised the pump 
output from 400 g.p.h. to 825 g.p.h. 

When operation was started, a 200-w. 
light bulb was placed inside the tank 
above the water level to prevent icing 
and to keep the pump warm. Bulbs 
of successively smaller sizes were in- 
stalled as time went on, and eventually 
thermocouple readings showed that a 
25-w. bulb would supply plenty of heat 
with outside air temperatures down to 
—50° F. 

The sewer was kept open during the 
entire winter by use of this tank, al- 
though a power failure in January 
nearly spoiled the record. As a result 
of the power failure, the pump was 
stopped for four days and at the end 
of this time inspection at a downstream 
manhole showed the line to be about 
three-fourths full of ice. However, a 
few flushes cleared away the ice and 
no further trouble was experienced. 


Costs 


Construction costs of the tank came 
to $852.00 and the power bill for the 
four months of operation was $87.00. 
Thus, when this total is compared with 
the $1,500 thawing costs of the previous 
year the flush tank not only paid for 
itself, but saved the city approximately 
$560.00 in the first year. 
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On the basis of the past winter’s ex- 
perience with the flush tank, the city of 
Fairbanks plans to install at least one 
and possibly more tanks during the 
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summer of 1952. Construction costs on 
these tanks should be much less than on 
the 1951 tank as the ground will not be 
frozen when they are installed. 


TIPS AND QUIPS 


Plant Operation Manual 


A manual of operation for the specfic 
plant can be a great help to operation 
personnel, particularly if they are new 
to the field and in the processes of 
learning. With this in mind, Irvin 
Knoebel, superintendent of the Belle- 
ville, Ill., sewage treatment plant pre- 
pared an operation manual tailored to 
the equipment and processes of his own 
plant. Not only does this relieve him 
of answering so many stock questions 
of new personnel, but it also tells his 
workers what takes place, and why, 
and where things are. 

Oddly enough, to be able to explain 
the details to someone else in the cold 
language of type is a good test of one’s 
own knowledge of the matter. Try it 
some time! 


Wire and Filter Cloth 

A 126-page catalog that is in reality 
a textbook of the wire cloth, filter cloth, 
and fabricated products industry has 
recently been published. Included in 
the book are specifications, character- 
istics, and uses of wire cloth and filter 
cloth, as well as a report on 18 months 
of research into the flow characteristics 
and particle retentivity of metallic fil- 
ter cloths conducted at Columbia Uni- 
versity, and many pages of valuable en- 
gineering data. 

The publisher is Multi-Metal Wire 
Cloth Co., Ine., 1350 Garrison Ave., 
New York 59, N. Y. 


Do’s and Don’ts for Pipe Valves 


1. Clean all 
tion, and install carefully, according to 
directions. 


valves before installa- 


2. Cut pipe threads the proper 
length. Too long threads permit the 
pipe to run up against the seat dia- 
phragm and ruin the seat. 

3. Put pipe compound on the pipe, 
not in the valve where it will gum up 
working parts. 

4. Use a proper-size or properly ad- 
justed wrench on the valve end being 
screwed on. Otherwise the valve will 
be distorted, strained, or scarred. 

5. Keep the valve closed during in- 
stallation. This keeps it rigid and 
avoids entry of dirt. 

6. Support long pipe runs properly. 
Sag may spring the valve seat and 
cause leakage. 

7. Normally, install globe and angle 
valves with pressure under the disk, 
unless the valve is to be open in case of 
breakage or for other special reasons. 

8. Tighten bolts or flanges on bon- 
nets uniformly. 

9. Blow or flush valves after instal- 
lation to remove foreign substances. 

10. Don’t use bars or wrenches to 
operate valves. The handwheel gives 
all necessary leverage if valves are op- 
erating properly. 

11. If the valve seats improperly, re- 
seat it—don’t force it. 

12. Open valves on pressure lines 
slowly—quick opening causes water 
hammer (on steam lines from condensa- 
tion) and strains lines and fittings. 

13. As soon as a valve begins to leak, 
reseat, regrind, or rewasher it. Other- 
wise it may be worn beyond repair. 
Inspect all valves regularly. 


Acid Carboy Dumper 


A new carboy dumper, for use with 
hoists or overhead conveyors, is claimed 
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to permit safe, quick handling of acids. 
An important feature is that the 
dumper permits the earboy to be tilted 
to any angle and locked in position to 
assure steady pouring. Chains at the 
bottom and top keep wood from split- 
ting or pulling out during handling. 
Details are available from General Sci- 
entific Co., 27th and Huntingdon 
Streets, Philadelphia 22, Pa. 


Imhoff Scum Breaker 


According to a recent issue of Sani- 
tary Engineering News, monthly news- 
cast of the Purdue University Sanitary 
Engineering Department, some ingeni- 
ous person at Gordon, Nebr., has uti- 
lized some spare vertical motors, and 
augers from tractor-powered posthole 
diggers to break up the scum in the 
city’s Imhoff tanks. Maybe this could 
be a new use for old postholes! 


Electronic Deodorizer 


A new gadget for deodorizing such 
persistent odors as onions, cabbage, fish 
(both cooking and long dead), and 
cigar smoke, has made its appearance 
on the market. Called the ‘‘Rid-All 
Double Bulb Electronic Deodorizer,’’ 
the unit is actually smaller than its 
name would imply. 

According to the distributor, Abbeon 
Supply Co., 179-15 Jamaica Ave., 
Jamaica, N. Y., the plug-in unit 
changes the oxygen of the air to ozone, 
which destroys any odor completely. 
A single unit is said to deodorize spaces 
up to 1,800 eu. ft. 

What really is needed is a king-size 
unit of this type for use in screen 
houses or around trickling filters. Or 
even, perhaps, continuous units to trap 
wayward aromas from entire sewage 
treatment plants! 


Amen! 


Under the heading ‘‘In Defense of 
Sewers,’’ Engineering News-Record 


TIPS AND QUIPS 


(Nov. 27, 1952; page 96) recently car- 
ried the following editorial : 


‘*An account of recent developments 
in fluorescent lighting in our issue of 
October 30, ended with the following 
cryptic statement: ‘Finally, there is 
available a new disposal unit for used 
fluorescent tubes that sells for less than 
$90. It crushes the lamp into a powder 
which can be washed down a drain.’ 

‘*Sanitary engineers and city public- 
works officials might well have won- 
dered at that statement: What next is 
to be flushed down the drain? 

‘*We recently reported a prediction 
that by 1975 some 65 to 75 per cent of 
all garbage will be ground and put 
into the sewers. That is all well and 
good if cities plan for it and design 
new disposal facilities to handle the 
added load. 

‘*But a line should be drawn some- 
where. Today fluorescent tubes, burned 
out by the hundreds in large cities, are 
proposed for drain disposal. Tomorrow 
it may be paper, tin cans or ashes. It 
would seem to us that the makers of 
fluorescent tube grinding units might 
furnish cartons marked ‘Poisonous’ in 
which the ground glass with its toxie 
coating could be placed for disposal as 
dry refuse in safe areas on dumps. 
Even sewers can be abused.’’ 


This so well expressed the basic 
thinking of most persons concerned 
with sewer design and maintenance, 
and sewage treatment, that we can only 
add our hearty ‘‘Amen!”’ 


Safety Note 


Safety means always thinking ahead 
far enough to do the job with proper 
tools, at the proper time, in the proper 
manner. It is possible for a person to 
be entirely safe by doing nothing. But 
real safety is aimed at getting the job 
done properly and without injury. 
What good are results if you’re not 
around to enjoy them? 
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Federation Affairs 


SILVER ANNIVERSARY MEETING REPORT 


The gala 25th Annual Meeting of the 
Federation, held at the Hotel Statler 
in New York City on October 6-9, 
1952, provided a fitting celebration of 
the close of the first quarter century 
of Federation growth and achievement. 
New records were set in all registra- 
tion categories. Of the 1,152 persons 
registered for the meeting, 943 were 
men and 209 were ladies. The previous 
high total and men’s attendance had 
been established at the Washington, 
D. C., meeting in 1950 with 904 and 
753, respectively. The previous high 
for ladies’ attendance had been estab- 
lished at the Toronto meeting in 1946 
with a mark of 202. 

Particularly noteworthy was the ex- 
cellent representation of those attend- 
ing the meeting, from the viewpoints 
of both geographical and employment 
distribution. This same diversity of 
interest was reflected in the program 
as presented. 

For the outstanding success of the 
meeting, great credit is due the host 
New York Sewage and _ Industrial 
Wastes Association, the Convention 
Management Committee, and the Local 
Arrangements Committee, headed by 
George E. Symons. The smoothness 
and precision of the various presenta- 
tions at the meeting stemmed from the 
earnest and painstaking attention to 
details by the various local committees 
comprising the last group. 

The Silver Anniversary Meeting was 
convened at 10:30 a.m. on Monday, 
October 6, 1952, by President Earnest 
Boyce, who welcomed the members and 
guests and commented briefly on the 
1951-52 activities of the Federation. 
The business portion of the opening ses- 


sion was concluded with the Executive 
Secretary-Editor’s report by W. H. 
Wisely. 

Technical Program 

The technical program, developed by 
the Program Committee under the 
chairmanship of F. W. Gilereas, also 
reflected admirably the progress made 
in edverage and interests by the Fed- 
eration during the first 25 years of 
its development. In addition to sev- 
eral papers on topics of broad interest 
to all Federation members, there were 
many papers on specific pollution and 
waste treatment problems. 

For the first time, the Industrial 
Wastes Forum occupied a separate ses- 
sion of the program. This extremely 
popular feature of the past few Fed- 
eration meetings was well attended and 
received. As always, the Operators’ 
Forum also drew a good attendance. 
The lively discussions from the floor 
in both these sessions were indicative 
of the great interest in the several 
topics chosen. 

The technical program presented at 
New York was as announced in the 
‘Silver Anniversary Meeting Preview’’ 
(Tuts Journan, 24, 9, 1192; Sept., 
1952). Technical program papers are 
to be published in 1953 issues of the 
JOURNAL, beginning in February. 


Entertainment Events 


A “Family Night Entertainment”’ 
on Monday evening, October 8, featured 
an excellent variety show by profes- 
sional talent and the Hyatt Glee Club. 
The latter organization is made up of 
male employees of the two Northern 
New Jersey plants of the Hyatt Bear- 
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ings Division, General Motors Corpora- 
tion. 

The Silver Anniversary Luncheon, 
held in the Penn Top of the Hotel 
Statler on Tuesday noon, was attended 
by about 400 persons. Highlights of 
this event included introduction of 
those members of the original Board of 
Control who were present and introduc- 
tion of Quarter Century Operators’ 
Club members. The featured speakers 
were Charles A. Emerson and Abel 
Wolman, original chairman and vice- 
chairman, respectively, of the Federa- 
tion. Mr. Emerson reviewed the inter- 
esting developments in the Federation’s 
activities during the early years; Dr. 
Wolman emphasized the responsibilities 
and problems confronting the Federa- 
tion in the future. Both of these 
thought-provoking addresses are to be 
published in the February issue of the 
JOURNAL. 

To close the Luncheon program, 
Toastmaster W. J. (‘‘Bill’’) Orchard 
summed up the remarks with the fol- 
lowing: 


A Toast to the Federation 


I’m honored more than I ean say 
To be presiding here today 
To celebrate with cheer and glee 

Our Silver Anniversary. 


George Fuller was the author 
Wrote the script—and set the scene. 
Charles Emerson got it rolling 
Toward fields of proven green. 
For thirteen years he led us, 
And served us hard and well, 
Then passed the ball in forty one 
To Arthur S. Bedell. 


George Schroepfer and big A. M. Rawn 
Continued pushing on and on. 
Bert Berry and John Hoskins too, 
Frank Friel and good George Russell, 
Kept pressure coming from the top 
To make committees hustle. 
Vie Ehlers and then A. H. Niles 
Put fine new records in our files. 
Ralph Fuhrman and then Earnest Boyce 
Affirmed the wisdom of our choice. 
And next will come E. Sherman Chase, 
A-sitting proudly in first place. 
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Those are the leaders—fine men all— 
And helped by many, many more 

They kept this Federation ship 
Headed toward that shore 

Where sewage works and trade waste plants 
Will always be impeccable; 

And those who guide and nurture them 
Considered most respectable. 


So stand up now—each one of you— 
And hold your glass on high. 
Forget about the byegone days, 

Forego nostalgia’s sigh. 
And now I offer you a toast 
To a future fine and grand, 
And a Federation glorious 
That grows to beat the band— 
Making trade wastes into whiskey 
With a rare exotic smell, 
And refining domestic sewage 
So it doesn’t smell like Hell! 


The Annual Federation Dinner and 
Dance, held in the spacious Main Ball- 
room of the Hotel Statler on Wednes- 
day evening, October 8, was attended 
by 625 members and guests. At the 
Dinner, which was the climax of the 
meeting’s social program, President 
Boyce presented the annual Federa- 
tion awards and introduced the new 
officers. Dancing followed, to round 
out a most enjoyable evening. 


Ladies’ Entertainment 


The entertainment features planned 
for the ladies by the local Ladies’ En- 
tertainment Committee, under the 
chairmanship of Mrs. Karl Mann, were 
extremely well received by the record- 
breaking group of ladies attending the 
meeting. Particularly noteworthy was 
the gracious hospitality and the friend- 
liness with which the visitors were re- 
ceived by committee members. 

The Monday tour of the United Na- 
tions Buildings, repeated on Wednes- 
day for those who preferred that time, 
gave an opportunity to see at first hand 
the facilities and organization of the 
world-wide body. 

The fashion show and tea on Monday 
afternoon gave an opportunity to meet 
and get acquainted, while seeing the 
latest in fashions and accessories. This 
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function, held at the B. Altman and 
Co. store, was generously and graci- 
ously financed and sponsored by the 
host New York Sewage and Industrial 
Wastes Association. 

On Tuesday afternoon the ladies took 
a sight-seeing boat trip around Man- 
hattan. This proved an especially de- 
lightful way to view the major sights 
of the area, including several of the 
largest ocean liners in port, the famous 
bridges, the Statue of Liberty, the 
New York water front and harbor, the 
New York sky line, the Hudson River 
Palisades, and many other attractions. 

Many visitors enjoyed the several op- 
portunities provided to attend radio 
and television broadcasts and to see 
some of the then current Broadway 
plays. Wednesday was left open for 
optional sightseeing tours or for shop- 
ping, according to the individual’s de- 
sires. The day’s activities concluded 
with return to the hotel for the Fed- 
eration Dinner and Dance. Thursday 
also was open for shopping. 


Another year of steady progress was 
recorded at the 25th Annual Meeting 
of the FSIWA Board of Control, in the 
two sessions held during the New York 
convention. A total of 39 officers and 
directors answered roll call at the meet- 
ing of the 1952 Board on October 5, 
and 37 were present for the organiza- 
tion of the 1953 Board on October 9. 


New Officers 

Officers elected on October 5 to serve 
for the terms indicated were: 

President: E. Sherman Chase, Bos- 
ton, Mass., to October, 1953. 

Vice-President: Louis J. Fontenelli, 
Garwood, N. J., to October, 1953. 

Treasurer: W. W. DeBerard, 
eago, Ill., to October, 1953. 


Chi- 
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Men’s Inspection Trip 
The men’s inspection trip for the 
first time was not held as an official 
part of the meeting. Instead, to pro- 
vide more program time, it was sched- 
uled for Thursday afternoon, follow- 
ing the meeting adjournment. Some 
180 made the trip to the Owls Head 
Pollution Control Project, located on 
the Brooklyn waterfront of New York 
Harbor. Much interest was exhibited 
in the many design and operational in- 
novations represented in this newest 
unit in the New York City pollution 
control program. 


Manufacturers’ Exhibit 


As a companion feature of the New 
York meeting, the Water and Sewage 
Works Manufacturers’ Association 
showed new equipment and process de- 
velopments in an exceptionally inter- 
esting and informative exhibit. All 
space allotted for displays was fully 
utilized by the various manufacturers 
to make the exhibit one of the out- 
standing features of the meeting. 


Director-at-Large: Kerwin L. Mick, 
Minneapolis, Minn., to October, 1955. 


Constitution Amended 


Important amendments to the Con- 
stitution and By-Laws provided for 
changes in quorum and voting require- 
ments that will expedite the conduct of 
business by the Board, and for relaxa- 
tion of the old limit on Honorary Mem- 
bers. There can now be one Honorary 
Member for every 350 Active Members, 
whereas the roster of Honorary Mem- 
bers was formerly limited to ten. 

Other amendments provided more 
specifically for the filling of vacancies 
in the offices of Treasurer and Direc- 


tor-at-Large. 
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New Joint Committee 


Federation participation was author- 
ized in the new Joint Committee for 
the Advancement of Sanitary Engi- 
neering, to include representatives of 
ASCE, AWWA, APHA, ASEE, and 
the Federation. The committee will 
study educational and training require- 
ments of sanitary engineers, their fune- 
tional use in public health and military 
service, employment opportunities, and 
similar matters. 


Salaries Report 


A special report on sanitary engi- 
neering salaries in public employment 
contained specific recommendations for 
execution by the Member Associations 
of the Federation. The full text of the 
report will be found on pages 110-113 
of this issue of the JourNAL. 


1952 Awards 


Annual Federation awards, as con- 
ferred by the Board of Control, were 
presented at the Annual Dinner on 
October 8 by President Boyce as fol- 
lows : 


The Harrison Prescott Eddy Medal 
to Wen-Hsiung Li, John C. Geyer, 
George S. Benton, and Knut K. Sorte- 
berg for their research papers ‘‘Hy- 
draulic Behavior of Storm-Water In- 
lets.’’ 

The George Bradley Gascoigne Medal 
to Walter A. Sperry for his original 
and practical contribution on plant 
operation entitled ‘‘Detergents and 
Their Influence on Sewage Treatment.’’ 

The Industrial Wastes Medal to R. N. 
Giles, C. T. Nicholson, F. W. Scheine- 
man, and R. J. Austin—all employed 
by the Standard Oil Company of In- 
diana—for their paper ‘* Performance 
of a Gravity-Type Oil-Water Separator 
on Petroleum Refinery Wastes.’”’ 

The Charles Alvin Emerson Medal to 
Frank Woodbury Jones, for his many 
years of loyal and praiseworthy service 
to the Federation. The presentation of 
this award was made by Mr. Emerson. 
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The Board also confirmed the follow- 
ing nominations for the 1952 Arthur 
Sidney Bedell Awards, for service to 
Member Associations of the Federa- 
tion: Harrison Hall (Arkansas), Don 
E. Bloodgood (Central States), Paul 
Bolton (Iowa), Francis W. Kittrell 
(Kentucky-Tennessee), Clarence Theo- 
dore Mudgett (Michigan), P. N. 
Daniels (New Jersey), Herman Glenn 
Baity (North Carolina), Ray E. Koon 
(Pacific Northwest), George Ashby 
Rhame (South Carolina), Winfield A. 
Mahlie (Texas), Walter F. Freeborn 
(Institute of Sewage Purification). 


Emphasis on Research 


The Executive Committee was di- 
rected to study means by which the 
Federation might emphasize its re- 
search activities. Consideration will be 
given to expansion of the headquarters 
staff, if necessary, to permit the Federa- 
tion to serve in the stimulation of re- 
search where it is needed, in furnishing 
guidance to research agencies active in 
the field, and in facilitating informa- 
tion exchange among researchers. Ree- 
ommendations are to be made to the 
1953 Board for action. 


Manuals of Practice 


The Sewage and Industrial Wastes 
Practice Committee reported on the is- 
suance of one new manual in 1952, and 
on the status of others. Manual No. 5 
entitled ‘‘Air Diffusion in Sewage 
Works’’ was published in June, 1952, 
with sales approaching 1,000 copies in 
the first three months. 

The manual ‘‘Paints and Protective 
Coatings in Sewage Works’’ is expected 
to be the next to be published. Steps 
were taken to reactivate work on the 
sewer maintenance and trickling filter 
manuals, and consideration will be 
given to the production of a manual on 
meters and controls. 


Standard Methods of Analysis 


Although some delays have been en- 
countered, the tenth edition of ‘‘Stand- 


|| 
3 
4 
: 
3; 
5 


108 

ard Methods’’ is still expected to be 
published in 1953. The new edition 
will include much new material, not- 
ably a section on analytical methods for 
industrial wastes. The Federation will 
participate as a publisher of the tenth 
edition with APHA and AWWA. 


Committee Leaders Retire 


The appointment of 1953 committees 
was marked by the retirement of three 
long-time committee chairmen who have 
rendered outstanding service for many 
years. Drs. Willem Rudolfs, W. D. 
Hatfield, and F. W. Mohlman, who 
withdrew from their leadership of the 
Research, Standard Methods, and In- 
dustrial Wastes Committees, were rec- 
ognized by appropriate expressions of 
thanks from the Board. 


Membership 


The Secretary reported that the con- 
stituent Member Associations of the 
Federation reached a total of 37 with 
the admission in April, 1952, of the 
Nebraska Sewage and Industrial 
Wastes Association. Affiliation of the 
Association for Water Hygiene (Swe- 
den) was also stated to be imminent. 
{This affiliation was consummated in 
November, 1952. ] 

Aggregate membership of all Mem- 
ber Associations at September 30, 1952, 
was reported to be 5,450, a record high. 
This is an increase of 6.1 per cent for 
the year. 

Winners of the 1952 membership 
contests were the Florida Sewage and 
Industrial Wastes Association with a 
gain of 39 per cent, and the Central 
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States Sewage and Industrial Wastes 
Association with a numerical increase 
of 52 members in the year ended Sep- 
tember 30, 1952. Other contenders 
were the California, North Carolina, 
Ohio, New England, Pennsylvania, and 
Kansas associations. The race for both 
of the $100 prizes was unusually close. 


Financial 


Net worth of the Federation at De- 
cember 31, 1951, as reported by the 
auditor, was $64,443. Current opera- 
tions were reported by the Secretary to 
be generally in accord with the budget, 
with a modest addition to surplus being 
anticipated. 

An increase of 20 per cent in Jour- 
NAL advertising rates was authorized, 
however, to meet increased printing 
costs becoming effective in 1953 and 
1954, and to accommodate the inereas- 
ing flow of good technical material that 
is being submitted for publication. 


Atlantic City in 1955 


With Miami, Fla., and Cincinnati, 
Ohio, having been previously selected 
as the locations for the 1953 and 
1954 annual meetings, respectively, the 
Board designated Atlantie City, N. J., 
as the site of the 1955 convention. The 
Ambassador Hotel will be headquar- 
ters. 

An invitation from the Pennsylvania 
association for a future annual meeting 
in Philadelphia was referred to the 
Meeting Place Committee. Other in- 
vitations are on file from the Texas, 
California, Canadian, and Rocky Moun- 
tain associations. 


E. SHERMAN CHASE NEW PRESIDENT 


E. Sherman Chase, of Boston, Mass., 
became the thirteenth President of the 
Federation at the organization meeting 
of the 1953 Board of Control, held at 
New York City on October 9, 1952. 

Following his early education in the 
public schools at Merrimac, Mass., Mr. 


Chase. graduated in the class of 1906 
from Massachusetts Institute of Tech- 
nology, where he specialized in Sani- 
tary Engineering. 

Upon graduation from Massachusetts 
Institute of Technology, Mr. Chase 
served in various sanitary engineering 
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capacities until 1913, when he became 
Assistant Sanitary Engineer with the 
New York State Department of Health. 

In 1920 Mr. Chase entered the em- 
ploy of Metcalf and Eddy, consulting 
engineers of Boston, Mass., as Sanitary 
Engineer, a position he held until be- 
coming a partner in the firm in 1927. 
In the latter capacity he has had ex- 
tensive experience with an exception- 
ally wide range of sanitary problems 
for many municipalities and industries 
throughout the United States. 

Mr. Chase is an Honorary Member 
of the Institution of Water Engineers 
(England) and of the New England 
Water Works Association, being a Past 
President of the latter. He is also a 
Fellow of the American Public Health 
Association and a member of the 
American Institute of Consulting Engi- 
neers, the American Society of Civil 
Engineers, the Boston Society of Civil 


Louis J. Fontenelli, Superintendent 
of Sewage Treatment for the Rahway 
Valley (N. J.) Sewerage Authority, 
was elected to the Vice-Presidency of 
the Federation at the Election Com- 
mittee meeting on October 5, 1952. 
With his operational and Federation 
background, and his experience in gen- 
eral sanitation and Member <Associa- 
tion affairs, Mr. Fontenelli brings to 
the Federation leadership group a 
proven ability that promises much in 
helping to achieve its ever-expanding 
objectives. 

Previous to assuming his present po- 
sition, Mr. Fontenelli had been engaged 
in maintenance and power plant opera- 
tion for the Aluminum Company of 
America at its Garwood, N. J.. plant 
and as Chief Engineer in Charge of 
Operation, New Jersey Division, Knick- 
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Engineers, the American Water Works 
Association, and the Inter-American 
Association of Sanitary Engineering. 

In addition to being a Director-at- 
Large on the Federation Board of 
Control (1851-52) and Vice-President 
of the Federation (1952), Mr. Chase has 
served as a 2nd Vice-President (1949- 
50), Ist Vice-President (1950-51), and 
President (1951-52) of the New Eng- 
land Sewage and Industrial Wastes 
Association. He is also a member of 
the New York Sewage and Industrial 
Wastes Association and the Pennsyl- 
vania Sewage and Industrial Wastes 
Association, and has served on the Fed- 
eration’s Awards Committee (1942-47; 
chairman 1947), the Executive Com- 
mittee (1952), and the Meeting Place 
Committee (1952). He is at present a 
member of the last two and also of the 
Finance and Honorary Member Com- 
mittees. 


erbocker Ice Company.  Ilis present 
assignment deals with administration of 
collection and treatment of sewage and 
industrial wastes for nine municipali- 
ties in New Jersey. 

Sesides being a Past-President of 
the New Jersey Sewage and Industrial 
Wastes Association, Mr. Fontenelli for 
the past three years has been a member 
of the New Jersey State Examining 
Board for the Licensing of Water and 
Sewage Treatment Plant and Water 
Distribution Superintendents. He has 
been a member of the Federation 
Board of Control (1949-51) and has 
served on the Legislative Analysis Com- 
mittee (1948) and the Executive Com- 
mittee (1950-51). He is currently a 
member of the Federation's Executive 
Committee and the Meeting Place Com- 
mittee. 
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SPECIAL REPORT ON SANITARY ENGINEERING 
SALARIES * 


By Earnest Boyce AND W. H. WISELY 


President and Executive Secretary, respectively, FSIWA 


This report is offered in compliance 
with the directive of the Federation 
Board of Control on October 11, 1951, 
to the effect that the President and Sec- 
retary determine the means and extent 
to which the Federation should under- 
take a study of compensation of sani- 
tary engineers engaged in public em- 
ployment at the local to state levels, 
especially for comparison with similar 
work in private employment. 

Salary data gathered by other na- 
tional and state organizations are ex- 
plored here in general fashion for sani- 
tary engineers employed in (a) state 
and local health departments, and (b) 
municipal and local district sewage 
works. This was deemed necessary in 
order to reach any conclusions as to the 
justification and nature of action that 
might be undertaken by the Federa- 
tion. 


Reference Material 


Many national and other organiza- 
tions have undertaken recent salary 
surveys pertinent to the Federation’s 
present interest, some of which are con- 
tinuing such surveys periodically. The 
references listed at the end of this re- 
port do not include all that are avail- 
able, and were selected because they are 
recent (since 1950) and authoritative. 
The data on public health engineers 
and sanitarians are particularly good. 
The sewage works operation salary data 
are not so complete, but they give fairly 
good geographical representation and 
are considered typical of present condi- 
tions. 

The basis for judging the adequacy 
and propriety of salaries has been 
taken as the schedule adopted by the 


* Approved by FSIWA Board of Control 
Oct. 5, 1952. 


U.S. Civil Service Commission (2) for 
General Service grades. The following 
is the relationship of that schedule with 
the schedule of professional grades as 
adopted by ASCE (1): 


General 
Service 
Grade 


ASCE 


Grade Salary 


l $ 3,100 
3,825 
4,600 
5,400 
6,400 
7,600 
8,800 

10,000 

11,200 


2 6 


Salary Data 
Public Health Engineers 


Reliable salary data for state and 
loeal public health engineers and sani- 
tarians are presented in Table I, which 
indicate that the median and minimum 
salaries of chief state sanitary engi- 
neers are too low for the ability and re- 
sponsibility demanded. Correction is 
needed in the smaller and medium- 
sized departments, where ASCE Grade 
7 (base salary $8,800) should be the 
absolute minimum. 

The median and minimum levels are 
also low for state sanitary engineers 
other than chief engineers. The mini- 
mum ASCE Grade 1 (base salary $3, 
100) should certainly apply here. <A 
median level in the order of ASCE 
Grade 5 (base salary $6,400) is defi- 
nitely justified. 

Municipal public health engineers 
are also deserving of better compensa- 
tion than is shown by Table I. ASCE 
Grade 1 ($3,100) should be the mini- 
mum for professional personnel, and a 
median level at ASCE Grade 4 ($5,400) 
would be in order for engineers other 
than department heads. 
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TABLE I. 


SANITARY ENGINEERING SALARIES 


~Compensation of Public Health Engineers 


111 


2,100 


Salary ($) 
Classification 
Median Max. | Min. 

Chief state sanitary engrs. 7,949 12,300 5,200 6 3 
Municipal sanitation directors | 6500 | 10,000 | 3,864 5 5 
State sanitary engineers | 4900 | 9,852 | 2,880 3 3 
Municipal sanitary engrs.: | 

Large cities } 7,500 | 3,150 | 3 5 

Medium cities — 5,850 2,600 | 2 5 
State sanitarians 3,900 8,940 2,400 | 2 3 
Municipal sanitarians — 5,748 1 5 


‘ ASCE professional grade as applied to present U. 8. Civil Service base salaries for com- 
parable General Service grades, referred to indicated median salary. 


Classification 


Salary ($) 


| 
| 
Median | 
| 
Waterworks personnel (9): 
Supts. or managers 12,500 3,360 = 
Chief engineers — 11,000 3,000 — 
Other technical | - 7,800 2820 | — 
Sewage wks., NE states (6): 
Over 100,000 pop.: 
Supts. | 6,230 9,000 4,500 4 
Chemists | 4,300 6,650 2,950 2 
Operators 3,030 3,725 2,334 
10-100,000 pop.: 
Supts. 4,500 9,300 3,100 3 
Chemists 3,500 4,000 2,700 1 
Operators 2,660 4,200 1,800 — 
0-10,000 pop. : 
Supts. | 3,050 4,950 1,920 | 
Operators | 2,650 3,835 600 — 
Sewage wks., Indiana (7): 
Over 100,000 pop.: } 
Supts. 5,000 + 4 
Chemists 5,000 | 4,000 — 
Operators 4,000 3,500 
10-100,000 pop.: 
Supts. -- 5,000 2,500 | — 
Operators 3,500 2,000 
0-10,000 pop. : 
Supts. | 3,500 3,000 | 
Operators 3,000 1,000 
Sewage wks., California (8): } 
Primary treatment: 
Chief operators | 4,800 7,200 3,216 3 
Operators | 3,720 4,560 2,556 = 
Secondary treatment: | 
Chief operators 4,180 7,260 2,640 2 
Operators 2,700 4,044 1,320 | — 


1 ASCE professional grade as applied to present U. S. Civil Service base salaries for com- 
parable General Service grades, referred to indicated median salary. 
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A favorable trend in the general in- 
crease of public health personnel sala- 
ries is reported (3) for the year 1950- 
51, 


Sewage Works Operation Personnel 


Recent data on compensation of sew- 
age works operation personnel are 
viven in Table IT. 

The range of management and tech- 
nical salaries in the waterworks indus- 
try is to a substantially higher level 
than in the sewage field. This is un- 
doubtedly a reflection of the greater 
extent of private ownership of water- 
works. Engineering salaries in private 
employment are significantly above 
those in public employment (1). 

It is obvious that sewage works sala- 
ries all along the line are below the 
levels consistent with the public invest- 
ment involved, the responsibilities en- 
tailed, and the competency necessary 
for efficient management and operation. 

The ASCE grades and base salary 
ranges as listed in Table III are sug- 
vested as being more appropriate and 
justifiable. 


Conclusions 
1. The high interest and activity 
among national professional engineer- 
ing societies and other agencies appears 
to insure ample survey data on engi- 


TABLE III.—-Suggested Sewage Works 
Personnel Salaries 


Position and ASCE | Salary 
Population Grade Range 


Plant supts.: 


Over 100,000 7-9 9,000—15,000 

10-100,000 5-7 6,000— 9,000 

0-10,000 2-5 +,000- 6,000 
Chief chemists: 

Over 100,000 5-7 6,000—- 9,000 

10-100,000 2-5 | 4,000- 6,000 

0-10,000 - 2,000— 3,000 
Chief operators: 

Over 100,000 3-6 4,500— 7,500 

10—100,000 2,500— 4,500 
Shift operators: 

Over 100,000 3,000— 4,200 


Under 100,000 - | 2,400— 3,600 
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neering compensation. There is  be- 
lieved to be no need for the Federation 
to engage directly in salary surveys. 

2. On October 10, 1947, the Board 
determined that plant operation salary 
data could best be compiled by the 
Member Associations. This policy has 
been confirmed by the successful sur- 
veys made since by the New England, 
Pennsylvania, and California associa- 
tions and by the Indiana State Board 
of Health. 

3. Existing salary schedules for pub- 
lic health engineers and for sewage 
works operation personnel are definitely 
below levels commensurate with the 
character and importance of the serv- 
ices being rendered. 

4. The implementation of salary in- 
creases in the proper quarters can best 
be accomplished by the Member Associ- 
ations, because they are much closer to 
the state and municipal authorities who 
must take the desired action. 

5. The first obligation of the Federa- 
tion is to assist sewage works operation 
personne! in securing better compensa- 
tion. Publie health engineers are al- 
ready receiving successful leadership 
from their own specialized professional 
organizations, so that the need for Fed- 
eretion support here is secondary. 


Specific Recommendations 


1. The Federation should stimulate 
interest and action in its domestic Mem- 
ber Associations to bring about: 


(a) Collection of more data on the 
compensation and employment 
conditions of sewage works oper- 
ation personnel. Comprehensive 
surveys at 3-year to 5-year in- 
tervals are recommended, 

(b) A eloser relationship between 
Member Associations and state 
municipal leagues and other or- 
ganizations of municipal officials. 
The creation of special commit- 
tees in the Member Associations 
is suggested to make and main- 
tain such contacts, to the end 
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that municipal officials may be 
better informed as to the high 
grade of personnel required in 
sewage works and as to appro- 
priate levels of compensation 
and other benefits. 
Encouragement of Member <As- 
sociation support of increases in 
engineering budgets of state and 
local health departments, where 
such increases are needed to hold 
qualified personnel. Support by 
resolutions and by personal con- 
\ 
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tact with state officials and legis- 
lators is recommended. 


2. The Federation should give prior- 
ity to the publication of salary data as 
they are compiled and released by the 
Member Associations. 

3. The Federation, through its Com- 
mittee on Qualifications of Operators, 
should collate the data produced by 
Member Associations for presentation 
in a periodic report similar to this, so 
that nation-wide progress may be evalu- 
ated from time to time. 
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Reviews and Abstracts* 


Some Experiments on the Estimation of 
Non-Ionic Detergents of Polyglycol 
Type in Sewage. By N. G. Heatiey 
AND EILEEN J. Pace. Water and San. 
Eng., 3, 2, 46 (1952). 

The method used is based on the for- 
mation of an insoluble compound with 
phosphomolybdie acid in the presence of 
barium in acid solution according to the 
procedure of Shaffer and Critchfield. The 
precipitate is washed and dissolved in | 
volume of 5N HCl plus 4 volumes of 
methyl cellosolve. The solution has a 
broad absorption in the ultra-violet with 
a peak at 310 my. The absorption at 
this wavelength is measured with a Beck- 
man DU spectrophotometer. Amounts 
of detergents up to 150 wg. in 4 ml. ‘can be 
determined with an error of about +1 ug. 
However, even this would not be suffi- 
ciently sensitive or specific for estimating 
the amount of non-ionic detergent likely 
to be present in sewage and therefore 
methods for extracting and concentrating 
the detergent were considered. The sew- 
age was buffered to pH 6.8. Sodium 
chloride was added. The detergent used 
was either Lissapol N alone or in combina- 
tion with other detergents. The mixture 
was shaken with 10 ml. of ether in a 
separatory funnel and the ether layer run 
into a centrifuge tube and dried. The 
watery phase was extracted a second 
time with ether and added to the same 
centrifuge tube and dried. The combined 
ether residues were taken up with ethanol 
and warmed. The residue was then 
treated by the above barium phospho- 
molybdie precipitation method. 

The blank value of raw sewage was a 
fraction of 1 p.p.m. with one exception. 
The effluent had a blank value of almost 
zero. The recovery of added Lissapol N 
showed a scatter between replicates, but 
any one value differed from the mean by 
more than 1 p.p.m. Teepol in 200-p.p.m. 
concentration reduced both the blank and 
the recovery of Lissapol N. Triton 


could not be completely extracted with 
ether; hence, it is important to know 
whether non-ionic detergents found in 
sewage behave like Triton or Lissapol N. 
H. HEUKELEKIAN 


Interpretation of Chemical Analyses of 
Sewages. By J. McNIcnHo.as. 
veyor, 111, 117 (1952). 

Each of the analytical tests ordinarily 
performed on sewage, sludges, and efflu- 
ents is briefly discussed. The ranges of 
values normally found for domestic sew- 
age are given, with the significance of 
values above or below those usually en- 
countered. Although the interpretations 
given are on the basis of British practice, 
much of the information is of value where- 
ever the analyses may be performed. 

The tests considered include oxygen 
consumed; B.O.D.; ammonia, organic, 
albuminoid, nitrate, and nitrite nitrogen; 
suspended solids; chlorides; alkalinity; 
and pH of sewage and effluents. Also, 
water, grease, nitrogen, phosphate, and 
pH of sludges. The effects of treatment 
upon each of these characteristics are dis- 
cussed. M. C. Ranp 


Sur- 


Discharge of Trade Effluents into Sewers. 
By Wituram T. Lockerr. 
111, 285 (1952). 

The article deals principally with means 
of legally controlling the volume and com- 
position of industrial waste discharges. 
A very short section alludes to general 
methods of pretreatment at the source. 

M. C. Ranp 


Surveyor, 


Drawings, Specifications, and Quantities 
for Sewerage and Sewage Disposal. 
By L. B. Escrirr. Surveyor, 111, 259, 
275, and 291 (1952). 

This series of articles, written primarily 
for the guidance of junior engineers, con- 
sists of suggestions for the writing of 
contracts for sewerage and sewage disposal 
plants. Numerous common errors and 
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poor practices are brought out, with con- 
structive criticisms for turning out con- 
tracts in a form which will be most useful 
to both the parties concerned. Although 
based on British practice, much of the 
content is equally useful in the United 
States. M. C. 


Design of Sewage Disposal Works for 
Small Towns. By R.C.Carrer. Sur- 
veyor, 111, 87 (1952). 

The article is intended primarily as a 
guide for engineers with limited experience 
in the design of small-scale works. The 
author’s purpose is not to discuss all the 
important features of sewage works de- 
sign, but rather to call attention to the 
points in which the design of small plants 
differs from that of larger works, and to 
certain matters which he feels are apt to 
be overlooked. The paper includes nu- 
merous suggestions on the design of set- 
tling tanks, screening chambers, biological 
filters, humus tanks, pumping stations, 
and sludge beds. M. C. Ranp 


Chemical Oxidation: Some Laboratory Ex- 
periments in the Treatment of Chemical 
Trade Waste. By G. TayLor. Water 
and San. Eng., 3, 1, 31 (1952). 

At Huddersfield, England, wastes from 
dyestuff and allied manufacture process 
amounting to 4 m.g.d. (Imp.) with a 4-hr. 
permanganate demand (cold) of 450 to 500 
p.p.m. are treated with lime to a pH of 8.2 
to give a 25 per cent reduction. In order 
to increase the purification and render the 
waste more amenable to biological treat- 
ment after discharge into the municipal 
plant, it was treated chemically in the 
laboratory with activated carbon, bromine, 
and ozone. Activated carbon at 1,600 
p.p.m. gave 50 per cent reduction of 
oxygen consumed value. Bromine ad- 
ditions at the point of appearance of ex- 
cess residual bromine gave reductions of 
16 to 23 per cent. Ozone added to alka- 
line waste gave 22.5 per cent reduction. 
Ozonation under acid conditions was 
about half as effective as under alkaline 
conditions. H. HEUKELEKIAN 


The Effects of Synthetic Detergents on 
Sewage Purification: A Summary of 
Current Knowledge in England. By C. 
Lums. Water and San. Eng., 3, 1, 7; 
and 3, 2, 53 (1952). 

The quantities of syndets present in 

sewage may reach a concentration of 50 
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to 70 p.p.m. or even as high as 100 p.p.m., 
on the basis of 25 g.p.e.d. (Imp.) water 
consumption. Analytical methods for the 
determination of detergents in sewage are 
not satisfactory. 

The available evidence indicates that 
up to 100-p.p.m. concentration detergents 
do not interfere with sedimentation of 
sewage. Emulsification or solubilization 
of suspended matter does not take place 
to a significant extent at concentrations 
of detergents likely to be present. In 
general, it appears that dispersions sta- 
bilized by synthetic detergents may be 
rendered partially less stable through the 
action of hardness in the water plus the 
adsorption of the detergents on the sus- 
pended particles and thus may be eventu- 
ally removed by sedimentation. Quanti- 
tative estimations on the basis of some 
theoretical considerations indicate that 14 
to 16 per cent of the total potentially in- 
soluble matter in sewage may be emulsified 
by synthetic detergents, increasing by that 
amount the load applied on secondary 
treatment processes. 

Synthetic detergents have severe ad- 
verse effects on the acid precipitation of 
sewage containing considerable amounts 
of wool washing and yarn and _ piece 
scouring wastes. Precipitation processes 
employing alum or ferric salts will, how- 
ever, not be affected in mixtures of sewage 
and wool scouring wastes employing 
synthetic detergents rather than soaps. 

Studies on the B.O.D. of detergents 
have shown that some retard the initial 
oxidation of sewage, but eventually both 
detergent and sewage are oxidized. Others 
do not show even an initial retardation. 
Another group of detergents is not oxidized 
at all and has a retarding effect on B.O.D. 
Still others are not oxidized, but have no 
effect on the oxidation of sewage. Re- 
duced efficiency of sedimentation plus the 
reduction in the biological oxidation due 
to some of the detergents is likely to result 
in a deterioration of the final effluent. 

Synthetic detergents present in sludge 
in sufficient amounts reduce the efficiency 
of digestion and retard sludge drying. 
Reduction of the grease content of sludges 
through increasing substitution of soap 
by synthetics will produce a reduction in 
gas. 

H. HeuKELEKIAN 
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Sanitation in the British West Indies. 
By C. L. LANGsHAw. Surveyor, 111, 
99 (1952). 

The published article consists of ex- 
tracts of a paper delivered to the Institu- 
tion of Sanitary Engineers. It describes 
the work of the Publie Health Engineering 
Unit of the Windward and Leeward 
Islands from 1944 to 1950. 

The conditions encountered by the Unit 
at the outset of its work were, briefly, an 
almost complete lack of sanitary facilities. 
ven reliable surveying data were un- 
available. Personnel were untrained and 
inadequate in numbers. The situation is 
illustrated by the results of a survey con- 
ducted in 1949 in one of the largest and 
most advanced of the islands, which 
showed that 35 per cent of the houses 
were overcrowded by central housing 
authority standards, 90 per cent were 
without water supply, and 67 per cent 
were without private latrines. 

The work of the Unit during the 7-year 
period considered dealt with surveying 
the improvement of housing, water sup- 
plies, drainage of both surface and foul 
waters, sewage disposal, and malaria con- 
trol. A very important task was the 
training of natives as engineering and field 
assistants. There are many illustrations 
of the ingenuity required in overcoming 
not only the serious sanitary problems in- 
volved, but also the financial problems 
which it appears were often even more 


perplexing. M. C. 


A Study of the Biology and Control of 
Anisopus fenestralis (Scopoli 1763), a 
Fly Associated with Sewage Filters. 
By H. A. Hawkes. Ann. of Appl. 
Biol., 38, 3, 592 (1951). 

Experiments showed that limiting the 
food supply had an effect on the life cycle 
of Anisopus fenestralis. Decreasing the 
food concentration increased the duration 
of larval phase, had no effect on the dura- 
tion of pupal phase, but decreased the 
size of pupae and decreased the duration 
of adult phase when not fed, but increased 
the duration of adult phase when fed. 
Experiments conducted with different 
types of trays used for trapping the flies 
showed that all metal bottom traps in- 
hibited the migration of the flies into the 
trays and that the number of flies trapped 
in the surface trays gave no true measure 
of the emergence of flies from the filter. 
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It was also shown that flies migrated into 
the trays from areas outside the space 
covered by the trays when conditions did 
not favor emergence. It was concluded 
that the flies sought shelter in the trays 
from surrounding areas when climatic 
conditions were unfavorable for their 
emergence. In daylight and = cold 
weather the flies tend to keep to the warm 
dark depth of the filter and only few enter 
the trays. Increase in temperature and 
decrease in light intensity result in larger 
numbers being present at the surface and 
hence the numbers trapped increase. 
When conditions favor emergence, even 
though there may be large numbers 
present at the surface, few enter the trays. 
The emergence is better measured by the 
use of traps above the filter such as canister 
traps or by sticky surfaces. Estimates of 
flies in the filters may be obtained by 
counting the larvae and pupae in the filter. 

Studies on the seasonal incidence of 
Anisopus fenestralis show by tray trap- 
pings that the period of maximum abun- 
dance in the filter is during the spring and 
that throughout the summer months the 
numbers are reduced. An increase occurs 
in the autumn and large numbers are 
found throughout the winter. Above the 
filter the fly was present in large numbers 
only during the warm periods when mean 
temperatures exceeded 52°F. During the 
warmer periods there appear to be two 
periods of abundance, one in June and 
another in the autumn. 

Ixperiments on the control of flies with 
benzene hexachloride showed that the 
emulsion form was less effective in the 
control of flies than the same chemical 
applied as a dispersible powder. The 
chemical was most effective when used 
against the larval stage and least effective 
against the pupal stage. 

H. HeuKeLeKIAN 


Factors Influencing the Egress of Sewage 
Fly Anisopus fenestralis from Bacteria 
Beds. By H. A. Hawkes. Proc. 
Birmingham Nat. Hist. and Phil. Soc., 
18, Part III, 41 (1952). 

This deals with the aerial density of 
Anisopus fenestralis over the filter bed 
(4 ft. elev.) as measured by trappings on 
sticky surfaces. The fluctuations in the 
number of flies trapped were considered to 
be due to climatic conditions influencing 
the egress of the flies from the bed, rather 
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than to fluctuations in fly population in 
the bed. The results showed that during 
the colder periods the egress of flies was in- 
hibited. A study of the maximum air 
temperatures during colder days showed 
that the numbers of flies were limited 
when temperatures were 52° F. or below. 
Above this temperature the numbers in- 
creased regularly. However, on certain 
occasions with temperatures above 52° F. 
only a few flies were trapped, indicating 
that there were other factors involved. 
One of these factors was shown to be wind 
velocity, which gave an inverse relation- 
ship with the numbers of flies. With wind 
velocities of 20 to 25 m.p.h. there were 
only negligible numbers of flies. It was 
also shown that light inhibits the egress of 
flies, the egress being greatest at dusk and 
decreasing rapidly during the dark. 

H. HeuKeLeKIAN 


Depth: A Possibly Major Factor in Per- 
colating Filter Design. By L. B. Es- 
CRITT. Surve yor, 111, 143 (1952). 

As the rate of flow through a trickling 
filter is increased, the water retained per 
cubic yard of medium increases to a maxi- 
mum, and then falls off. The author’s 
calculations, from data first presented in 
“Water Pollution Research, 1950,” show 
that the maximum water retention occurs 
at about 1,000 g.p.d. (Imp.) per square 
vard of filter surface. 

At the optimum rate of flow, resulting 
in maximum retention of liquid, the filter 
should be capable of doing more work 
than at other rates of flow. This reason- 
ing is supported by data cited. The 
B.O.D. removal, in pounds per cubie yard 
per day, was greatest at the optimum 
flow. 

It may, therefore, be suggested that 
with any given quantity of filter medium, 
an optimum result ean be obtained by so 
arranging the depth or otherwise operating 
the filter that an optimum rate of flow per 
square yard of surface is maintained. 
This has been done in practice, although 
unconsciously, by various methods, in- 
cluding recirculation, alternating double 
filtration, and the construction of deep 
enclosed filters. It is shown in this paper 
that the increased efficiency of purification 
realized by each of these means can be ex- 
plained on the basis of their having at- 
tained or*approached the optimum rate of 
flow per square yard of surface. 
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Further analysis of the data shows that 
the performance of the filters was in direct 
proportion to the amount of water re- 
tained in the medium, and that presum- 
ably the rate of flow per square yard of 
surface was the only factor responsible for 
the increased efficiency. If further in- 
vestigations should support this conten- 
tion, then the depth of a filter becomes a 
factor of major importance in design, in- 
stead of being purely arbitrary, as has 
formerly been the case. M.C. 


The Condition of the Tidal Portion of the 
River Thames. By ©. J. RerGAN. 
Water and San. Eng., 3, 2, 58 (1952). 
The analytical work in the past 60 yr. 

on the tidal section of the Thames River, 

covering a distance of 67.5 mi. below 

London Bridge, is summarized and dis- 

cussed. The trend toward deterioration 

of river condition as indicated by D.O. 

saturation and an increase in ammonia 

nitrogen content is clearly shown. During 
the summer low-water period (July to 

Sept.) the D.O. below the Southern and 

Northern outfalls, both at high and low 

water, has been extremely low in recent 

years. The D.O. content increases again 
further down in the estuary. At high 

tide “‘nil’’ D.O. was found down to 26.5 mi. 

below London Bridge and at low tide to 

33 mi. below the same point. The in- 

cidence of the complete absence of D.O. 

has increased in recent years. Another 

interesting but adverse trend is the in- 
crease in water temperature over the past 

60 yr. which is not due to increase in air 

temperature. 

The oxygen demand load on the river 
from the Northern and Southern outfalls 
decreased during World War II, due to 
evacuation, but the conditions in the 
river did not show an equivalent improve- 
ment. After the war the load increased 
again and the deterioration continued. A 
program of pollution abatement was set 
up in order to maintain D.O. in the river at 
all times off the outfall. The program 
consists of: (a) construction of detritus 
pits in the Northern outfall, nearing com- 
pletion; (b) new primary sedimentation 
tanks at the Northern outfall, to be com- 
pleted in about a year; (c) new diffused 
air activated sludge plant with 60-m.g.d. 
capacity at Northern as well as Southern 
outfalls; (d) sludge digestion at Northern 
and Southern outfall works to treat all 
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the sludge produced. The progress of the 
latter items is dependent on the issue by 
the Government of necessary licenses. 

H. HEUKELEKIAN 


Application of Molecular Filter Mem- 
branes to the Bacteriological Analysis 
of Water. By ALEXANDER GOETZ AND 
Jour. Amer. Water 
Wks. Assn., 43, 12, 943 (1951). 


This detailed paper is based on work 
done for the Biological Dept., Chemical 
Corps, U. 8. Army, under contract with 
the California Institute of Technology and 
covers investigations over a 3-year period 
on methods of producing molecular filter 
membranes in an improved manner. A 
number of standardized types of such 
membranes derived from cellulose nitrate 
and cellulose acetate, one of which is 
especially designed to fulfill the require- 
ments of standard methods of water 
bacteriology, were then developed. In- 
vestigations further revealed that bacteria 
and other particles were retained on the 
surface of the filter. Additional work de- 


veloped methods and equipment for filtra- 
tion and also improved use of nutrients 


and inhibitors. 

The following conclusions suggest that 
use of the molecular filter in the field of 
water bacteriology has numerous distinct 
advantages of primary importance to 
sanitary engineers: 


1. It permits the concentration of a 
small number of organisms from large 
quantities of water, thereby increasing the 
accuracy and reliability of such determina- 
tions. 

2. It minimizes cross-diffusion and 
spreading of colonies, and, consequently, 
allows the combination of any number of 
bacteria, from a few to 5,000 at one time. 
This has the advantage of reducing the 
number of laboratory dilutions and dupli- 
cate incubations. 

3. It permits separation of the organ- 
isms from their nutrient at any time, for 
the purpose of either changing the nu- 
trient or partially or totally inhibiting 
further development. 

4. It gives a direct count instead of a 
most probable number in the determina- 
tion of lactose-fermenting bacteria, such 
as the coliform organisms. 

5. It saves time in comparison with 
present standard procedures. 
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6. It requires much less laboratory 
space and practically no glassware. 

7. It permits better and faster differ- 
entiation of bacteria. 

8. It gives a permanent record in the 
form of the preserved filter disks. 


The molecular filter technique, as im- 
proved and developed at the California 
Institute of Technology laboratories 
during recent years, promises to render 
the practices utilized by sanitary engineers 
in water analysis more efficient and eco- 
nomical. 


Discussion 


Paul W. Kabler—Work with the molec- 
ular filter at the Environmental Health 
Center of the U. S. Public Health Service 
is described in this discussion. It is 
brought out that aside from experiments 
designed for the acquisition of basie tech- 
nique and experience, little of the authors’ 
work was repeated. Work at the En- 
vironmental Health Center has comprised 
intensive investigation of bacterial count, 
quantitative estimation of the coliform 
group, and the culture of Salmonella 
typhosa from water. 

Lee Streicher—The studies of the Metro- 
politan Water District of Southern Cali- 
fornia on known media formulas in use 
with the molecular filter are described. 
The modified Gassner broth of Goetz and 
the modified Endo broth referred to by 
Kabler were the two types of media tried. 
It was concluded that neither of these 
nutrients appeared to be satisfactory on 
raw Colorado River water and_ that 
further development of media is needed 
for use on the water of the Metropolitan 
Water District. 

Harry G. Neumann—This detailed dis- 
cussion covers research on the molecular 
filter by the Los Angeles Department of 
Water and Power. Many different as- 
pects of the use of these filters are men- 
tioned. In particular, the initial saving in 
time afforded by concentration and cul- 
ture in place provides an excellent oppor- 
tunity to use some of the techniques for 
determination of sanitary quality which 
are now confined to investigative work. 
Another important point is the possible 
use of the molecular filter method for the 
development of a quick satisfactory emer- 
gency test. Combination with other 
techniques is also described. However, 
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experiences with treated distribution 
waters of the Los Angeles system have 
not been satisfactory for bacterial con- 
centrations, as indicated by these early 
studies. Rosert P. Lower 


Municipal Incineration. San. Eng. Res. 
Project, Inst. of Eng. Res. Series 37, 
Univ. of California. Tech. Bull. No. 5, 
110 pp. (June, 1951); Tech. Bull. No. 6, 
77 pp. (Nov., 1951). 

Bulletin No. 5 contains much prelimi- 
nary and incidental information to an 
understanding of incinerator design and 
plant operation tests. The results of a 
“‘use”’ survey of installations in the United 
States are reported. Following chapters 
discuss, often sketchily, characteristics of 
municipal refuse, principles of combustion, 
utilization of waste heat, incinerator lo- 
cation, general features of buildings, and 
handling and storage facilities. Other 
chapters cover furnaces and chambers, 
ash handling, stacks, and refractories, and 
while not in technical detail, are descrip- 
tive and include diagrams and pictures. 
The appendix contains a glossary, discus- 
sion of contract documents and specifica- 
tions, and sample thermodynamic caleula- 
tions. 

Bulletin No. 6 gives details of the 
method of study, a summary of data ob- 
tained, and the results of calculations, for 
surveys at three California municipal in- 
cinerators. Two handled only combus- 
tible refuse, but the other included 
garbage. General data on control and 
operation were collected for one week on 
each. During this period a 2-hr. test was 
run where samples were taken, air flow and 
temperatures measured, and where other 
information ordinarily not collected was 
obtained. The arrangement and _ con- 
struction of each unit, especially that of 
combustion chambers and flues, is given. 

The results of heat and mass balance, 
heating values for refuse, and the week’s 
performance data are given for each test. 
Results of test data are shown in a com- 
parative table, and the continuous-record- 
ing charts of gas and refractory tempera- 
tures and of analyses of dry gas are 
reproduced. Calculations are shown for 
the method of computing the heat and 
mass balance for one of the tests. There 


are also a number of graphs and a discus- 
sion covering particle size distribution of 
Wo. A. HAsFURTHER 


stack discharge. 
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Sewerage and Sewage Disposal in 1951. 
Anon. Surveyor, 111, 127 (1952). 


England’s general position in regard to 
sewerage and sewage disposal was no 
better, and probably worse, than during 
the previous year. The greatest difficulty 
was lack of funds, making it impossible to 
keep abreast of the requirements for 
maintenance and for new construction. 
The condition was aggravated in many 
localities by an acute labor shortage. 

Research, on the other hand, continued 
quite active. The work of the Water 
Pollution Research Laboratory was especi- 
ally noteworthy, in both amount and 
variety. Important contributions were 
also made by individual sewage works. 

An important piece of legislation en- 
acted during the year is known as the 
Rivers Act of 1951. Essentially, it pro- 
vides clear-cut regulations on stream 
pollution and its prevention, for the 
guidance of the River Boards created in 
1948. The new act is particularly wel- 
come in that it replaces several hundred 
years’ accumulation of piecemeal legisla- 
tion. One of the most important clauses 
empowers the River Boards to prescribe 
standards for all effluents discharged 
within their respective areas. Thus, 
rather than a nation-wide effluent stand- 
ard, there will be standards adjusted to 
the capacities and uses of the individual 
streams. An amendment appended to 
the act before its passage is still the subject 
of considerable controversy. As _ origi- 
nally drafted, the bill made the River 
Board standard the final criterion as to 
whether an effluent was satisfactory. In 
effect, this assured an industry or munici- 
pality that so long as this standard was 
met, there would be no danger of successful 
complaints from downstream. The 
amendment reverses this position, making 
it possible for riparian interests to take 
proceedings for pollution or nuisance 
under common law. The general opinion 
seems to be that the amendment is rather 
unfortunate, because it offers no assurance 
that a certain degree of treatment will be 
adequate without question. 

The River Boards themselves were still 
in the process of organization, and al- 
though some had begun their work, not 
a great deal of tangible progress in pollu- 
tion abatement had been made. This 
fact was due in part to the previously 
mentioned shortage of funds and labor for 
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the construction, maintenance, and opera- 
tion of purification facilities. 

One of the most important jobs facing 
the River Boards is the establishment of 
effluent standards. This implies, among 
other things, the selection of the tests to 
be used. The B.O.D. test, which is in 
rather general use and favor, has certain 
disadvantages which give rise to some 
objection to its use as a standard. Bio- 
assay tests for toxicity have also been 
considered to some extent 

There were no outstanding develop- 
ments in sewerage during the year 

The report discusses a number of papers 
which appeared during the year, treating 
various phases of sewage works design, 
and which have been previously reviewed 
here. M. C. Ranp 


Sewage Works Construction by Direct 
Labor in the Ploughley (Oxon) Rural 
District. By J. A. Harvey. 
111, 133 (1952). 

The article describes the construction of 

«i medium-sized sewage treatment plant. 
Rather than employing a contractor, the 
work was done by gangs of laborers 
supervised by the staff of the county 
surveyor. Completing the operation 
without the skilled labor and heavy equip- 
ment which would be available to a con- 
tractor required interesting and ingenious 
improvisations, which are explained in 
detail. M. C. Ranp 


Surveyor, 


Facts and Fallacies of Sedimentation. }y 
L. B. Escrirr. 111, 203 
(1952). 

Although sedimentation has been long 
used, and much studied, as a means for the 
removal of suspended solids from both 
sewage and trade wastes, the interchange 
of knowledge on the subject has not been 
satisfactory. The empirical rules of de- 
which were very generally 
until recently, and which still have con- 
siderable influence, lead to results which 
are usually sufficient, but to poor economy 
of construction. 

If it is necessary to increase the deten- 
tion period to remove a particle, it must be 
done by increasing the surface area, since 
an inerease of depth, although it increases 
the detention period, proportionately in- 
creases the distance through which the 
particle must fall. 

Experiments have shown, however, that 
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the efficiency of sedimentation varies as 
the fourth or fifth root of the surface area 
of the tank. Great changes of surface 
area, therefore, produce relatively small 
changes of efficiency. There are other 
means by which the efficiency may be in- 
creased more economically. 

The inlet must be of such a type that the 
velocity head of the sewage is dissipated, 
as much as possible, before the sewage 
enters the tank, and the sewage must 
enter at low velocity. Both the inlet and 
the over-all proportions of the tank must 
be designed to avoid velocities high enough 
to cause turbulence of such intensity as to 
interfere with sedimentation. 

The position of the outlet weir may 
greatly affect the efficiency. The best 
arrangement is to remove the effluent in a 
thin film from the surface, in a position 
where the least concentration of suspended 
solids exists. The usual arrangement, of 
having the outlet weirs at the top of the 
tunk walls, is not ideal, since currents 
impinging on the walls below the weirs 
cause comparatively high upward veloci- 
ties, tending to lift sludge toward the 
weirs. A better arrangement is to have 
the weirs at a distance from the walls, so 
that sludge lifted by the currents at the 
walls may settle again before reaching 
the weirs. 

Particles too small to settle may floccu- 
late, or gather together into clumps of 
settleable size. This en- 
couraged by the use of chemical coagu- 
lants or by gentle stirring. The upward 
flow tank takes advantage of this effect 
by passing the entire mass of liquid 
through a sludge blanket, which in effect 
strains out many particles too small 
to settle by themselves. The velocity of 
upward flow must be less than the falling 
velocity of the sludge. Upward velocities 
at maximum flow of from 4.5 to 9 ft. per 
hour are the values commonly used in 
M. C. Rano 


action can be 


design. 


Construction of Sewage Works Without 


Steel. By L. B. 

233. (1952). 

Although the author’s comments are in- 
spired by the shortage of steel in England, 
and the resulting difficulties of sewage 
works construction there, many of his 
suggestions may be equally applicable in 
the United States. Not only do steel 
shortages arise here from time to time, but 


Escrirr. Surveyor, 


| 

é 

: 

‘ 

ay 

“ES 

: 

SES 


Vol. 25, 


No. 1 


it is shown how, in certain parts of the 
sewage works at least, the use of mass 
concrete and brickwork may actually 
reduce construction costs. The title is 
slightly misleading in that no scheme is 
presented for construction totally without 
steel; rather, the article points out how 
steel requirements may be minimized. 

Tables are presented which show the 
thickness of mass concrete required for 
manholes, tank walls, and floors. There 
are numerous suggestions for reducing the 
quantities of steel required in the con- 
struction of primary and secondary sedi- 
mentation tanks, grit chambers, and 
digesters, and even of trickling filters, 
screens, and pumping stations. 

The extent to which steel can be spared 
depends on the size of the plant. Small 
works, not extensively mechanized, per- 
mit greater percentage economy than do 
large works, which must be mechanized 
for efficient operation. 

Many designers, in the author’s opinion, 
have formed the habit of specifying rein- 
forced concrete, not only where it is the 
most suitable material, but wherever it 
can be used. He reminds such designers 
that at one time very little steel was used 
for structural purposes, and that many 
old works, built without reinforcement, 
remain. M. C. 


Some Observations on the Performance of 
Very Small Sewage Works. By L. B. 
Eseritr. Surveyor, 111, 351 (1952). 
Up to the present, many small country 

premises have discharged untreated or 
poorly treated effluents into small streams, 
but it is expected that the time will come 
when such discharge will not be permitted. 
As a result of lack of knowledge of 
methods of sewage treatment on the part 
of those who are often concerned with the 
construction of small works, many of them 
produce very unsatisfactory effluents or 
cause nuisance. In many cases, total 
neglect of the works contributes to the 
poor results obtained. 

Originally, septic tanks were designed 
for the settlement of sewage and storage of 
the sludge so as to reduce its quantity by 
digestion. They remain the most satis- 
factory means of settling at small private 
works, simply because they are designed 
for infrequent desludging. However, they 
are frequently expected to destroy the 
sludge completely by digestion, and to 
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perform some purification in addition to 
removal of the sludge—functions which 
they do not and cannot perform. The 
author suggests that the capacity of a 
septic tank should be based on the period 
between desludgings, and upon the popu- 
lation served, allow'ng for one-half the 
tank’s capacity to be occupied by the 
solids accumulated between cleanings. 
He further suggests that no tank should 
have a capacity of less than 1,000 gal. 

Where percolating filters are used, the 
recommended size is 0.5 to 0.67 cu. yd. 
per capita. Effective distribution and 
adequate ventilation must be provided, 
and medium of 2-in. size is preferable to 
finer grades, being less subject to clogging. 

If the levels necessitate pumping, it is 
best to pump after sedimentation, or to 
pump the filter effluent. Small wet wells 
are advisable before the filter, to improve 
distribution. 

Humus removal may be effected by 
secondary sedimentation, or by irrigation 
over a suitable area of land. When 
properly designed, small private works 
are capable of producing excellent efflu- 
ents. M. C. 


National Policy on the Discharge of Trade 
Effuents into Public Sewers. Inst. 
of Sew. Purif. Memorandum. Surveyor, 
111, 413 (1952). 

In a memorandum approved by the 
Council of the Institute on May 23, 1952, 
the Institute has set forth in considerable 
detail its policies on this important ques- 
tion. The quotations below are from the 
section dealing with the basic concepts 
which form the foundation of the policy, 
and from the conclusions of the memo- 
randum. References to specific legisla- 
tion are purposely omitted here, being 
considered of less general interest than 
the broad principles set forth. 


“5. The conclusions and recommenda- 
tions recorded in this Memorandum are 
based on the following conceptions of 
policy which the Institute believes to be in 
the best interests of all concerned: 

‘““(a) The Institute recognizes that the 
prosperity of the country depends on the 
prosperity of its industries, and that 
everything must be done to help industry 
to solve its problems of trade effluent 
disposal. 

“(b) The Institute wholeheartedly ac- 
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cepts that the sewage works is the best 
and proper place for treating all suitable 
trade waste, and that the pollution of 
rivers by industry can be most effectively 
prevented in that way. 

“(e) It is in the interests of the com- 
munity, and therefore of traders them- 
selves, that sewage works shall be operated 
at the maximum efficiency and with the 
greatest economy. 

“(d) The possibility of purifying sew- 
age at reasonable cost to produce an 
effluent of the standard necessary 
today is dependent on the use of bio- 
logical processes. These provide by far 
the cheapest method of dealing satis- 
factorily with this problem 

“Moreover, biological processes are 
adaptable to dealing with trade wastes of 
large variety if these wastes can be ade- 
quately diluted by domestic sewage. 
Since biological processes, however, de- 
pend on living organisms, there is ulti- 
mately a limit to the conditions which 
they can tolerate, and therefore there will 
always be some effluents which, because of 
their quantity or composition, cannot be 
accepted by the sewage works without 
damage to purification processes. 

“Equally it is necessary to take pre- 
cautions to prevent damage to sewers 
and injury to workmen, and to avoid 
difficulties in the operation of other proc- 
esses used in sewage treatment. 

“(e) To provide adequate safeguards, 
it is essential in a minority of cases that 
industry should adopt some form of pre- 
treatment, or to modify manufacturing 
processes The Institute advocates 
the utmost collaboration between the 
local authority and the trader on such 
matters. 

“Exceptionally, there will be a few cases 
where the problem of trade effluent dis- 
posal is such that the possibility of its 
solution must control the location of the 
industry itself .... It can never be 
right that a vital public health service 
should be jeopardized, and that a sewage 
works should possibly be put completely 
out of action because of the waste from 
perhaps only one factory, nor that the 
cost of sewage treatment for a whole 
town should be seriously increased by any 
such discharge. 

“(f) The Institute is of the opinion 
that where a local authority decides to 
make a charge for the treatment of trade 
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effluents, it should be ready to render this 
service to the trader in the public interest 
on the basis of payment only for the cost 
incurred. 

“47. The following is a summary of the 
conclusions of the Institute on these 
matters: 

“(a) That the objective . of bring- 
ing about an improvement in the condition 
of rivers can be readily achieved so 
far as the purification of domestic sewage 
is concerned, but that complete success 
will depend on proper treatment being 
applied to trade effluents from industrial 
sources. 

“(c) That if sewage works are to be 
operated at their maximum efficiency, and 
with the greatest economy, and are to give 
the best service to the manufacturer in 
providing treatment for trade effluents, 
it is most necessary that the whole of the 
effluents discharged into sewers should be 
under proper control.”’ M. C. Rann 


The Sewage Treatment Plant at Beverwyk 
(Holland). By J.J. Hopkins ann L. H. 
op TEN Noort. Publieke Werken, No. 
10, 1 (1951). 

Raw sewage from a_ population of 
28,500 and industrial waste with a popu- 
lation equivalent of 30,000 discharged into 
a land-locked harbor created serious 
nuisances for a number of years. The 
seasonal nature of some canning industries 
and the presence of waste from chemical 
industries made the solution of the prob- 
lems difficult. The plant, designed for 
an equivalent population of 80,000, pro- 
vides grit removal, comminution, pre- 
liminary settling, aeration (brush aera- 
tors), intermediate settling, trickling filters, 
final settling, and sludge digestion. 


W. Rupo.rs 


Preliminary Studies on Municipal Night 
Soil Digestion. By Isamu Horasawa. 
Bull. Inst. Public Health (Japan), 1, 
2, 26 (1951). 

Municipal night soil digested without 
seeding within 75 days at 30° to 35° C. 
Seeding reduced the digestion period con- 
siderably. The volume of gas produced 
was 300 to 500 ml. per gram of volatile 
solids. The B.O.D. of the supernatant 
liquor varied from 765 to 1,170 p.p.m. 


H. HEUKELEKIAN 
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is a vital 
P.F.T. CONTROLLED DIGESTION part of 


Jasper, Indiana's 


“AUTOMATIC 
GARBAGE MAN’ 


HE job nobody likes, garbage man, has been eliminat- 
ed from the municipal routine at Jasper, Indiana. All # 
homes and restaurants have been equipped with sink type 
garbage disposal units. Garbage flows to the Jasper 
Wastes Treatment Plant along with the sewage. 


P.F.T. Controlled Digestion is a vital part of the plant. It assures effective digestion of 
garbage and sewage solids and maximum utilization of the increased quantities of sludge 
gas produced due to the addition of the garbage solids. Controlled Digestion, at Jas- 
per, includes two 40° - 0" diameter P.F.T. Floating Cover Digesters with total capacity 
of 68,840 cu. ft... . a P.F.T. +250 Digester Heater and Heat Exchanger equipped for 
gas and oil firing, with type “C' controls. ...P.F.T. Supernatant Selectors in both di- 
gestion tanks with Supernatant Liquor Gauges, Sight Glasses and Samplers in the Con- 
trol Room .... a full complement of P.F.T. Gas Safety Equipment for safe transmis- 
sion and utilization of sludge gas. 


Optimum temperature in the digester tank is highly important and is assured by the 
automatic controls of the P.F.T. Digester Heater and Heat Exchanger. 


The plant is designed for a population loading of 10,000. Couch & Kulin, Consulting 
Engineers, Indianapolis, Ind., designed the plant. 


PACIFIC FLUSH TANK CO. 


Waste Preatment Equipment Exclusively Since 1893 


4241 RAVENSWOOD AVE. CHICAGO 13, ILLINOIS 
NEW YORE © LOS ANGELES SAN FRANCISCO @ CHARLOTTE, JACKSONVILLE DENVER 
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Proceedings of Member Associations 


CALIFORNIA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 24th Annual Convention of the 
California Sewage Works Association 
was held at the Casa del Rey Hotel, 
Santa Cruz, Calif., on April 23-26, 
1952. Registration during the after- 
noon of April 23 was followed by an 
evening hospitality hour get-together 
at the Fun House on the beach. 

The technical sessions on April 24 
‘eatured the following papers: 


‘*How Best Can Industry and the 
C.S.W.A. Cooperate,’’? by a panel con- 
sisting of Jack McKee, Associate Pro- 
fessor of Sanitary Engineering, Cali- 
fornia Institute of Technology ; Luther 
Nichols, of the Industrial Wastes Com- 
mittee, California Manufacturers’ As- 
sociation ; Herbert C. Davis, President, 
California Association of Production 
Industries; and Arthur Pickett, In- 
dustrial Wastes Engineer, Los Angeles 
County. 

‘*Wastes Disposal at the Fontana 
Steel Plant,’’ by H. I. Riegel, Superin- 
tendent of Utilities, Kaiser Steel Corp., 
Fontana. 

‘*Practical Solution of Two Indus- 
trial Wastes Discharge Problems,’’ by 
Russell Ludwig, Ludwig 
Pasadena. 

‘*The Spirovortex Activation Process 
and its Utilization at Turlock for In- 
dustrial Wastes Treatment,’’ by John 
H. Jenks, with Harry N. Jenks, Con- 
sulting Engineer, Palo Alto. 

‘Experience with Recireulation 
Ponds of the Modesto Treatment 
Plant,’? by M. B. MeKinnie, formerly 
Superintendent of Sewage Treatment, 
Modesto. 

‘*Laboratory Organization and Tech- 


Brothers, 


nique for Large-Scale Sewage and In- 
dustrial Wastes Testing,’’ by Nathan 
J. Krotinger, Materials Testing Assist- 
ant, Los Angeles City Bureau of Stand- 
ards. 


The April 25 morning session opened 
with three concurrent breakfasts—one 
each for and 
Discus- 
sion leaders for these open forums were, 
respectively, H. B. Gotaas, Professor 
of Sanitary Engineering, University of 
California, Berkeley; H. C. Parker, 
Superintendent, treatment 
plant, Riverside; and A. A. Appel, 
Superintendent, Sewer Maintenance 
Division, Bureau of Sanitation, 
Angeles. 

The operators then attended an 
*‘Operator’s Forum,’’ at which the 
following papers were presented : 


engineers, operators, 


sewer maintenance personnel. 


sewage 


Los 


**Grit and Chlorination Problems at 
the Santa Cruz Plant,’’ by Anthony 
Bell, Chief Operator, sewage treatment 
plant, Santa Cruz. 

‘*The Problem of Being Both a Sew- 
age Plant and Maintenance 
Superintendent,’* by James O. Groves, 
Superintendent, Mount Vernon Sanita- 
tion District. 

‘Corrosion in a 


Sewer 


Fairly New Di- 
by Ludwig Huebner, Chief 
Operator, sewage treatment plant, Palo 
Alto. 

‘The Use of Digester Gas in Operat- 
ing Gas Engines,’’ by E. J. Dillashaw, 
Superintendent, North of the River 
Sanitation District. 


vester,”” 


The afternoon session heard the fol- 
lowing papers: 
‘*Control of Sewage Chlorination by 


(Continued on page 24a) 
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SEWAGE INDUSTRIAL WASTES 


DIFFUSAIR installation at Kirkwood, 
Mo. Impingement nozzles and bowls 
are on headers at lower left side of 
tank. 


DIFFUSAIR at Kirkwood, Mo. in 
operation showing effective “spiral 
flow” agitation and aeration of 


The Impingement Aerator is a unit developed to 
accomplish more effectively and economically the dif- 

SEWAGE fusion of air as small bubbles to agitate and oxygenate 
aeration tank liquors. 


FOR 


WASTE AND 


The principle involved is the combining of a low velocity 
jet of tank liquor and large air bubbles within an open 
bowl-like impinger. The cavitation effect thus produced 
divides the air into smaller bubbles than those diffused 
from a No. 30 permeability porous tube. The amount and 
pressure of the impingement water is very low when 
compared with the progressive back pressuring of the 
blower that persists when other types of 

air diffusers are employed. 

The impingement liquor is derived directly from the 
aeration tank mixed liquor, and is lifted with a simple 
air-lift unit from which 1/3 of the fine air is re-entrained 
and utilized for oxygenation. 

The air is released along headers through 3/16 inch 
orifices in the impinger units and no air clogging is possible. 
No filtering of the compressed air supply is required 

since there are no fine diffusion pores to become clogged. 


PROGUIP | WALKER PROCESS BQUIPMENT INC. 


| FACTORY + ENGINEERING OFFICES - LABORATORIES 
PROCESS EQUIPMENT AURORA, ILLINOIS 


WATER TREATMENT 


PRE-AERATION ... 


ACTIVATED SLUDGE... 


CARBONATION 


Write tor Bulletin 17$31 


pre 
23a 
- 
A 
rian 
4 


24a SEWAGE AND INDUSTRIAL WASTES 


Amperometric Titration,’’ by W. L. 
Henderson, Chief Chemist, Orange 
County Joint Outfall Sewer. 

‘*Storm Water in Sanitary Sewers,”’ 
by V. W. Sauer, formerly General 
Manager, Central Contra Costa County 
Sanitation District. 

‘*Functional Aspects of Sewage Plant 
Instrumentation,’’ by J. Betz, Civil 
Engineer, Hyperion sewage treatment 
plant, Los Angeles. 


The Annual Banquet and Dance, 
held the evening of April 25, was en- 
joyed by the members and their ladies. 
The meeting closed on April 26 with 
visits to various sewage treatment 
plants and other points of interest. 

At the Business Luncheon on April 
25, an amendment was made in the 
constitution to change the name of the 
Association to the California Sewage 
and Industrial Wastes Association. 

Officers elected to serve during 1952— 
53 were: 


President: A. G. Pickett, San Marino. 

1st Vice-President: L. H. Cook, Menlo 
Park. 

2nd Vice-President: A. A. Appel, Los 
Angeles. 

Secretary-Treasurer: 
Oakland. 


Sam A. Weed, 
Sam A. WEED, 
Secretary-Treasurer 


LOUISIANA CONFERENCE ON 
WATER SUPPLY AND 
SEWERAGE 
The 1952 Annual Meeting of the 
Sewage Works Section, Louisiana Con- 
ference on Water Supply and Sewer- 
age, was held at Louisiana State Uni- 
versity, Baton Rouge, La., on March 
19-20, 1952, in conjunction with the 

15th Annual Short Course. 

The program stressed the Controlled 
Materials Plan, civil defense, and equip- 
ment operation and maintenance. 

(Continued on page 26a) 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘Parker- 


ized"’ for protection against rust and corrosion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 


2437 East 24th Street Los Angeles 54, Calif. 
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CLAY PIPE—ESSENTIAL ECONOMICAL EVERLASTING 

: H Clay Pipe—381,000 feet of it—was used 
in this sewerage project northeast of San 
Jose, California, a residential area that 
mushroomed as defense workers poured 
into the area. 


CLAY PIPE gets another 
72-Mile Testimonial 


Here's a testimonial 381,000 feet long, proving once 
again that Vitrified Clay Pipe is the time-tested 
material engineers and public officials depend on 
for sanitary sewerage. Thanks to their foresight, 
thousands of new homes in the San Jose district, as 
well as essential housing projects throughout the 
nation, will enjoy the permanent sanitary protection 
that only clay pipe can offer. 


Vitrified Clay Pipe assures generations of trouble- 
free service. Acid sewage or alkaline soils can’t 
corrode it . . . time can’t weaken it. It's the only 
chemically inert sewerage material — the only pipe 
that never wears out! 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 
1520 18th St. N. W., Washington 6, D. C. 
06 Connally Bldg. Atlanta 3, Ga. 
100 N. LaSalle St, Rm. 2100, Chicago 2, Ill. 
703 Ninth & Hill Bldg., Los Angeles 15, Calif. 
311 High Long Bidg., 5 E. Long St., Columbus 15, Ohio 


é WHEREVER RELIABLE PERFORMANCE-PROVED PIPE IS 
NEEDED, SPECIFICATIONS CALL FOR VITRIFIED CLAY 


South Bend, Ind. (Private 93,000 fr. 


| Alo. (Municipal Exp ) 44,000 ft. 
ille, Ind. (Municipal Exponsion) 200,000 ft. 
Detroit, Mich. (Jet Engine Plant) , . 28,000 fr. 
Topeka, Kan. (Private Housing) : ‘ . 13,000 ft. 
Tucson, Ariz. (Municipal Exponsion)........ 38,000 ft. 


Minneopolis, Minn. (Private Housing). ..... 80,000 fr. 
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Officers elected for the ensuing year 
were : 


Chairman: J. C. Pittman, Houma. 
Vice-President: A. J. Meyers, Norco. 
FSIWA Director: J. J. Holtgreve, 
Metairie. 
Secretary-Treasurer: G. H. West, Lake 
Charles. 
G. H. West, 
Secretary-Treasurer 


CENTRAL STATES SEWAGE 
AND INDUSTRIAL WASTES 
ASSOCIATION 


The 25th Annual Conference of the 
Central States Sewage and Industrial 
Wastes Association was held at the 
Loraine Hotel, Madison, Wisconsin, 
June 25-27, 1952. 208 persons regis- 
tered for the meeting, of which 42 
were ladies. 

The afternoon session on June 25, 
included the following papers: 


‘“Financing Sewage Treatment 
Works,’’ by Arndt J. Duvall, Sanitary 
Engineer, Tolz, King and Day, St. 
Paul, Minn. 

‘*A Rational Approach to the Indus- 
trial Waste Disposal Problem,’’ by Roy 
N. Giles, Director of Technical Service, 
Standard Oil Company (Indiana), 
Chicago, 

‘“Studies on Seeding Techniques in 
the B.O.D. Determination,’’ by Ray- 
mond G. Zehnpfennig, Research As- 
sociate, and M. Starr Nichols, Chief 
Chemist, State Laboratory of Hygiene, 
Madison, Wis. 

‘*Studies on Chemicals with Selec- 
tive Toxicity to Blue-Green Algae,’’ by 
G. P. Fitzgerald, G. C. Gerloff, and 
Folke Skoog, University of Wisconsin, 
Madison, Wis. 


On the evening of June 25, an en- 
joyable social hour sponsored by mem- 
bers of the Water and Sewage Works 
Manufacturers’ Association preceded 
a Smorgasbord and Entertainment. 


The morning session on June 26 
opened with the movie, ‘‘Pipeline to 
the Clouds,’’ and continued with the 
following papers: 


‘*Reducing Milk Waste in Dairy 
Plants,’’ by V. Schwarzkopf, Lathrop- 
Paulson Company, Chicago, II. 

‘““The Use of Biological Treatment 
Methods in the Disposal of Radioactive 
Wastes,’’ by C. C. Ruchhoft and L. R. 
Setter, U.S.P.H.S., Cineinnati, Ohio. 

‘*A Quarter of a Century of Sewage 
Treatment in the Central States,’’ by 
F. W. Mohlman, Director of Labora- 
tories, Sanitary District of Chicago, 
Chieago, Il. 


The afternoon session on June 26 
consisted of the Annual Business Meet- 
ing, followed by inspection trips to 
the Madison Metropolitan 
District ’s Nine Springs treatment plant 
and pumping stations, and the Oscar 
Mayer and Company packinghouse 
waste treatment operations, grease 
flotation unit, trickling filters, and 
spray irrigation. 

At the Annual Banquet, held that 
evening, announcement was made of 
the nomination of Don E. Bloodgood 
to receive the Federation’s Arthur Sid- 
ney Bedell Award. 

The morning 
consisted of an ‘‘Operators’ Break- 
fast,’’ in which open discussion on 
plant operation problems was stimu- 
lated and guided by a panel. 

Officers elected for 1952-53 were: 


President: W. W. Mathews, Gary, Ind. 

Ist Vice-President: E. Wurwitz, Chi- 
eago, 

2nd Vice-President: ©. J. 
Madison, Wis. 

3rd Vice-President: A. J. 
Paul, Minn. 

Secretary-Treasurer: <A. 
per, Springfield, Ill. 


Sewerage 


session of June 27 


Muegee, 
Duvall, St. 


Paul Troem- 


A. Paut TrRoEMPER, 
Secretary-Treasurer 
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SEWER 
DESIGNS 
ARE 

NO GOOD... 


ARMCO SEWER STRUCTURES 
This Armco Sanitary Sewer was installed by a midwestern city W/ 


in 1930. More than twenty years later it retains its original 
efficiency and has many more years of useful life expectancy. 
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The best of sewer designs are of little value until they are 
incorporated into a functioning conduit. Even then the 
conduit must have adequate strength and material dura- 
bility to maintain your design specifications throughout 
its normal life. This is why many experienced engineers 
are specifying Armco Corrugated Metal Sewers. 

Consider the importance of structural strength. The 
efficiency of any sewer will change unless it retains grade 
and alignment, has tight joints to prevent infiltration of 
ground water and solids. as well as material strength to 
withstand the impact and vibration of heavy traffic. 

Armco Sewers meet these requirements. Long lengths 
help bridge soft spots in the foundation. Sturdy coupling 
bands assure tight joints and a continuous conduit of uni- 
form strength that will not open up or pull apart. The 
proved strength of flexible corrugated metal design is as- 
surance against crushing or cracking. 

And no matter what service conditions are encountered 
there is a type of Armco structure to meet the exact require- 
ments. Erosion is handled by Armco Pavep-INvertT Pipe. 
For severe corrosive conditions there is durable AsBEesTos- 
Bonpep. Easily erected Mutti-PLate is ideal for large 
structures and either Standard Corrugated or MULTI-PLATE 
Pipe-Arch will save time and money when headroom is 
limited. 

Write for complete information regarding your specific 
needs. Armco Drainage & Metal Products, Inc., 1043 Curtis 
Street, Middletown, Ohio. Subsidiary of Armco Steel 
Corporation. 
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NEW YORK 36 — 33 West 42nd Street 
OAKLAND | — 2900 Glascock Street . 


WORLD WIDE SALES, SERVICE AND MANUFACTURING FACILITIES 
Direct Representation 


WEST INDIES 
Wm. A. Powe 
Hevang, Cuba 

CANADA 
E. Long, itd 
Oritlie, Ontario 

MEXICO & CENT. AMERICA 
Oliver United Filters Inc. 
Ookland, Colif. 
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OLIVER UNITED 


Merges Tw Experiences into Ome Broad Service 


45 years experience with all types 
of industrial filtration problems 


Municipal sanitation is rapidly having the words 
“including industrial waste disposal” added to 
it. Most cities and towns are being faced (1) 
with a combination job of either handling a 
mixture of industrial wastes and municipal sew- 
age or (2) of working with industrial plants to 
eliminate the wastes, keeping them out of rivers 
and ponds and off the land. 


Where filtration is likely to play a part, you 
will find it advantageous to call on Oliver 


Photograph shows an Oliver Precoat 
Filter handling industrial wastes. 


Export Soles Office — New York © 


HAWAIIAN ISLANDS 
A. ®. Duvall 


Honolulu 
PHILIPPINE ISLANOS 

Monilo 
AUSTRALASIA 


Hobart Duff Pty., Ld. 
Melbourne 


Dorr-Oliver S. A. Brussels 
Dorr-Oliver S.N.a.R.L. Paris 
E. J. Co. Dore g.m.b.h. Wiesboden (16) 


SOUTH AMERICA & ASIA 
The Dorr C 
Stomford, Conn. 


30 years experience with all types 
of sanitary filtration problems 


United for guidance. No one knows filtrations 
—both industrial and sanitary—better than our 
engineers. And now that the two are combining 
with increasing frequency, this two-fold experi- 
ence should be very helpful to you. A letter or 
phone call to our nearest office will receive 
prompt attention. Meanwhile, if you would like 
copies of our Sludge Filter Bulletin (No. 219) 
and our General Bulletin No. 10-G, we shall be 


glad to send you copies. 


CHICAGO 1! 221 North LoSalle Street 
SAN FRANCISCO 11 — 260 Californio Street 
Cable — OLIUNIFILT 


FACTORIES 
Hazleton, Po 
Oakiand, Coll. 


Representation through The Dorr Company and Its Affiliates 


EUROPE, NORTH AFRICA & INDIA 

Dorr-Oliver Co., London, $.W. 
Dorr-Oliver $.0.8.L. Milano 
Dorr-Oliver, N.V. Amsterdom-C 
Dorr-Oliver (India) ltd., Bombay 


SOUTH AFRICA 
E. L. Bateman Pry., itd 
Johannesburg, Transvaal 
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Unnecessary expense, uncalled-for trouble, and 
undue maintenance cost... all are barred out for 
keeps by these rugged guardians of public funds. 

To begin with, the Chapman Standard Line is so complete that it 
includes many designs and sizes usually considered special ... so you 
may be able to save a special-order premium. 

Then installation and parts-replacement are simplified and expedited 
by complete interchangeability. And the gates themselves are built like 
forts, to stand off the attacks of the years with practically no attention. 

Yes, you can order Chapman Sluice Gates up to 120”...for any type 
of installation, and with any type of operating control ... manual, 
hydraulic, or electric. Write for your copy of Catalog No. 25. 


The Chapman Valve Mfg. Co., Indian Orchard, Mass. 
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Actual field tests made on pipe laid 
under severe ground water conditions 
prove that the problem of infiltration 
can be overcome by using Lock Joint 
Reinforced Concrete Sewer Pipe 
equipped with Riblock Gaskets. 


Bogert-Childs Associates, consult- 
ing engineers for the enormous Over- 
peck Sewer Project, conducted a 
detailed weir test on approximately 
7,000 feet of 60” Lock Joint Rein- 
forced Concrete Sewer Pipe with Rib- 
lock joints which were installed across 
the North Jersey swamps and marsh- 
lands. This test, which showed only 


LOCK JOINT PIPE COMPANY 


Established 1905 
P. O. Box 269, East Orange, New Jersey 


BRANCH OFFICES: Casper, Wyo. * Cheyenne, Wyo. 
Denver, Col. * Kansas City, Mo. © Valley Park, Mo. 
Chicago, Ill. * Rock Island, Ill. * Wichita, Kan. 
Kenilworth, N. J. * Hartford, Conn. © Tucumcari, N. M. 
Oklahoma City, Okla. * Tulsa, Okla. © Beloit, Wis. 


15 per cent of the volume of infiltra- 
tion permitted in the specifications, 
pointed conclusively to the value of 
Lock Joint sewer pipe and Riblock 
gaskets for instailations of this diffi- 
cult nature. 


For nearly 50 years Lock Joint 
Pipe Company has been furnishing 
the most durable and dependable 
sewer, storm drain, and culvert pipe 
obtainable. Now, by including Rib- 
lock Gaskets in the specifications, you 
can also assure joints with perma- 
nently reliable protection against 
ground water infiltration. 
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“VAREC’ Pressure 
Relief and Vacuum 

Breaker Valve with 

Flame Arrester — Fig. 

5800C — Relieves ex- 

cess pressures and 

vacuum in oe 

and protects vessels 


@ “VAREC” Explosion 

Relief Valve—Fig. 70 

— Relieves sudden 

surges in pressure 

from explosion or mo- 

BOILER. mentary plant fluctua- 
tions. 


"VAREC” Flame Trap 
Assembly —Fig. 450— 
\ Prevents flame propa- 


TYPICAL 


gation in piping. 


“VAREC” Waste Gas 
é Burner — Fig. 236, 237 

or 238 — Efficiently 

burns all excess gas. 


4 “VAREC” Flame Check 
— Fig. SIA or — 
Prevents flashback 
from burner pilot or 
laboratory burners. 


“VAREC” Pressure Re- 
lief and Flame Trap 
Assembly — Fig. 440— 
Permits excess pres- 

sure to be wasted 
through gas burner 

and prevents flame 
flashback from burner. 


Plan with nec 
Symbols of Safety 


FOR GAS CONTROL THROUGHOUT YOUR 
SEWAGE TREATMENT PLANT 


“VAREC” Pressure Re- 

ducing Regulator— 
Fig. 187 or 387—Con- 
trols pressure of gos 
going to utilization 
equipment. 


“VAREC” Check Valve 
—Fig. 211 of 211A— 
Controls direction of 
gas flow. 


0) “VAREC” Manometer 

— Fig. 215, 215A, 216 

PROVEDons APpy or 216A — Indicates 
system pressures. 

4, “VAREC” Drip Trap — 
Fig. 245 or 248. 


0 “VAREC” Sediment 
Trap — Fig. 230, 232 
or 233 — Keeps lines 


i free f 
THE VAPOR RECOVERY SYSTEMS COMPANY ean 
COMPTON, CALIFORNIA, U.S.A. 
S-10 Available from Authorized Sewage Equipment Agents throughout U.S. and Canada. 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 37a) 


eee ALVORD, BURDICK & HOWSON 
Consulting Engineers Engineers 
WATER, = AGE AND — Charles B. Burdick Louis R. Howson 
ASTE PROBLE Donald H. Maxwell 
Water Works, Water Purification, 
CITY PLANNING VALUATIONS Flood Relief, Sewerage, Sewage 
REPORTS LABORATORY Disposal, | Drainage, — Appraisals, 
Suite 1509-18 Power Generation 
121 S. Bread St. PHILADELPHIA 7 Civic Opera Building Chicago 


JOHN J. BAFFA MICHAEL BAKER, JR., Inc. 


The Baker Engineers 
Consulting Engineer Civil Engineers, Planners, and Surveyors 


Sewerage & Sewage Treatment Sewage Disposal 
Industrial Wastes Treatment Systems—Water Works Design and Operation—Surveys 
Design Plans & Specifications and Mape 


75 West Street New York 6, N. Y. Branch on poke yg Pa. 


BAXTER AND WOODMAN W.H. & L. D. BETZ 


Civil and Sanitary Engineers Consulting Engineers 


Water Supplies Water Treatment Industrial Waste 
Sewer Systems Sewage Treatment Industrial Water 
Industrial Waste Treatment Analysis Design 
Investigations Investigations Operation 


P. 0. Box 67 Crystal Lake, Illinois Gillingham & Worth Sts. Philadelphia 24, Pa 


BLACK & VEATCH 


Consulting Engineers 
SEWAGE - WaTER ELEcTRICITY - INDUSTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


CLINTON L. BOGERT ASSOCIATES CONSULTING ENGINEERS! 
Sean If you specialize in sewage and indus- 
I. M. M. Grete Ropert A. LINCOLN trial waste disposal problems, prospec- 
DONALD M. DITMARS ARTHUR P. ACKERMAN tive clients will expect to find your card 
Water and Sewage Works in the Directory of Engineers contained 

Refuse Disposal Industrial Wastes in the... 
Drainage Flood Control Official Professional Journal of the 
624 Madison Ave., New York 22, N. ¥. Sewage and Industrial Wastes Field! 


Take advantage of the services of these outstanding consultants! 
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BOWE, ALBERTSON & ASSOCIATES 


Engineers 
Sewerage—Sewage Treatment 
Water Supply— Purification 
Refuse Dis) —Analyses 
Municipal—Industrial Projects 
Valuations—Reports— Designs 


110 William Street New York 7, N. Y. 


BROWN AND BLAUVELT 
Consulting Engineers 


Water Supply Airports 

Sewer Systems Highways 

Sewage Disposal Plants Industria! Buildings 
Industrial Wastes Problems Railroads 


468 Fourth Avenue New York 16, N. Y. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) 

Valuations and Reports 
Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. Y. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 


584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Kansas City 2, Mo. 
P.O. Box 7088 


Cleveland 14, Ohio 
1404 E. 9th St. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


CAMP, DRESSER and McKEE 
Consulting Engineers 
Water Works and Water Treatment 


Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors— Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration-Gas Systems 

Valuations-Rates-Management 

Laboratory—City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 
Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 

351 East Ohio St. Chicago 11, Ill. 


OSCAR CORSON 
Consulting Engineer 
Sewage and Industrial Waste Problems 
Drainage—Water Supply—Airfields 
Plans—Supervision—Surveys 


902 Highland Avenue Ambler, Pa. 


It pays to secure competent and experienced engineering advice! 
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Investigations and Reports 
Design and Supervision er 
Research and Development 
6 Beacon St. Boston 8, Mass. 
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SEWAGE AND INDUSTRIAL WASTES 


Damon & Foster 


Consulting Civil Engineers 
Surveyors 


Sewerage, Sewage Disposal, Water Su ply, 
Surveys, Land Subdivision, City and 
Planning, Reports, Design, 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
BENGINEBEER 
Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plante 
Philadelphia: Fidelity Phila. Trust Bldg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separation—Bridges—Subways 
Local Transportation 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive Chicago 6 
505 Colorado Bldg. Washington 5 


DODGE, BLISS and WALKER 
Chemical Engineers 


Specialists in Waste Treatment 
Surveys and Investigations 
Research and Development 
Design of Treatment Plants 


108 Middle Road Hamden, Connecticut 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installations 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


FAULKNER & LALIKOS ASSOCIATES 
Architects and Consulting Engineers 


Water e Sewage e Flood Control e Drainage 
Reports e Design e Construction Supervision 
Management e Valuation e Laboratory 


Hingham Shipyard Industrial Development 
Building 50 Hingham, Mass. 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 
CHABLES M. SPorrorD W. HorRNE 
JOHN AYER WILLIAM L. HYLAND 
Bion A. BOWMAN FRANK L. LINCOLN 
CARROLL A. FARWELL Howarp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment—Airports 
Investigations and Reports Design 
Supervision of Construction Valuations 
Boston New York 


FINKBEINER, PETTIS & STROUT 


CARLETON 8S. FINKBEINER Cuarces Pertis 
K. Strout 


Consulling Engineers 


Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage 
Sewage Treatment, Wastes Treatment, 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 National Standard Building 
Houston 2, Texas 


CH-1624 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 
Water Supply; Sewerage; Structures; 
Drainage; Foundations 
Investigations; Reports; Plans and 


Specifications; Supervision 


823 1/2 Poydras St. New Orleans, La. 


Your firm should be 
listed here 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


EDWARD A. FULTON 
Consulting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Municipal Paving 
and Power Developments; Same and 
Flood Control 


3209 Brown Road Saint Louis 14, Missouri 


Take advantage of the services 


these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 3 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 

Water Works—Sewage 
Industrial Waste & Garbage ‘Disposal 
Roads—Airports—Bri 
Flood Control 
Town Planning A 
Investigations & 
Harrisburg, Pa. 
Scranton, Pa. 


raisals 

eports 
New York, N. Y. 
Pittsburgh, Pa. 


GILBERT ASSOCIATES, INC. 
Engineers and Consultants 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York Washington 
Houston READING, PA. Philadelphia 


Consulting Sanitary Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purification 
fudustrial Wastes Disposal 
Design, and Supervision 

9 


peration 
1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 


Engineers 
Samuel A. Greeley Paul Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Flood Control, Drainage, Refuse Disposal 


220 S. State Street, Chicago 4 


JOHN J. HARTE CO. 


Engineers — Architects 


284 Techwood Drive, N. W. 
Atlanta, Georgia 


HAVENS AND EMERSON 


L. A. Emerson 
A. Burger C. Tolles F. W. Jones 
Ww. Leach ‘i. Moseley J. W. Avery 


lei. 


WaTeER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 


Leader Bldg. Woolworth Bldg. 
Cleveland 14, O. New York 7, N. Y. 


HAZEN AND SAWYER 
ENGINEERS 
Ricaarp Hazen Avrrep W. Sawyer 


Municipal and Industrial Water Supply 
Purification and ibuti 
Sewage Works and Waste Dtepenad 


Investigations, Design, 
Supervision of Construction and Operation 


110 Bast 42nd Street New York 17, N. Y. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers since 1917 for more than 
600 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage 


Standard Oi! Bldg. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 
W. W. Horner E. E. Bioss 

H. SHIFRIN Vv. C. LiscHER 
Airports — Hydraulic Engineering — 
Sewerage and Sewage Treatment — 
Water Supply —- Municipal Engineering 

— Reports 
Shell Building, St. Louis 3, Missouri 


ROBERT M. JOHNSTON 
AND ASSOCIATES 
C. Iting Chemists — B ‘ologi 
Analysee—W ater, Sewage, Industrial Waste 
Research Litigations 
$15-917 N. Second St. Harrisburg, Pa. 


JONES, HENRY & WILLIAMS 


(Formerly Jones, Henry & Schoonmaker) 
Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 
Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 


Supply and Purification, Sewera; 
reatment, Garbage and Refuse 
and Incineration, Indus' 
Buildings. 


FT. LAUDERDALE, FLA. 


and 


TROY, N. Y. 


It pays to secure competent and experienced engineering advice! 
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ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design, 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION S8T., SAN FRANCISCO 5 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester 4, N. Y. 


CONSULTING ENGINEERS 


If you specialise in sewage and industrial 
waste treatment works, your professional 
card should be here! 


The rate of $60 per year provides for 
12 monthly insertions. 


GEORGE B. MEBUS 
Consulting Engineer 


Water Supply 
Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


Sewage Treatment 


METCALF & EDDY 

Engineers 

Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 

Laboratory Valuations 

Airfields 

Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. Y. 
52 Vanderbilt Ave., New York, N. Y. 


Parsons, Brinckerhoff, Hall & Macdonald 
G. Gale Dixon, Associate 
Engineers 
Dams, Water Works Sewerage 
Airports, Bridges, Tunnels 
Traffic & Transportation Reports, Highways 
Subways, Foundations, Harbor Works, Valuations 
Power Developments Industrial Buildings 
51 BROADWAY, NEW YORK 6, N. Y. 


BOYD E. PHELPS, INC. 


Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


WM. M. PIATT P. D. DAVIS 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Public Buildings, Streets 
Power Plants, Electrical Distribution 
Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N. C. 


MALCOLM PIRNIE ENGINEERS 
Civil and Sanitary Engineers 
Malcolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Cari A. Arenander 
Malcolm Pirnie, Jr 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
Reports; Design; Supervision of 
& Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. J. 


Take advantage of the services of these outstanding consultants! 
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THOMAS M. RIDDICK 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 


RIPPLE AND HOWE 


Consulting Engineers 
O. J. B. V. Hows 
Appraisals— 


Water Works Systems, Filtration. and 
Plants, —* and Dams, Sanitary and 
Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports. 


833-35 Twenty-Third St. Denver 5, Colorado 


RUSSELL AND AXON 
Consulting Engineers 


Civil’— Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fla 


SEEWALD LABORATORY 


ANALYTICAL CHEMISTS 
BACTERIOLOGISTS 


ANALYSES — WATER — SEWAGE — 
INDUSTRIAL WASTES — B. O. D. 


Examination of Municipal and Private Water Supplies 
1211 WEST FOURTH STREET, WILLIAMSPORT, PA. 


SMITH and GILLESPIE 


Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 
Complete Services 
P. O. Box 1048, Jacksonville, Fila. 


STANLEY ENGINEERING COMPANY 


Sewerage—Waterworks 
Drainage—Flood Control 
Electric Power—Airports 


Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys—Reports 


209 S. High St. Columbus 15, Ohio 


WARNER ENGINEERING CO. 
Engineers 
Consultation—Design—Detailing 
Structural—Mechanical—Hydraulic 
Industrial Piping and Sewerage Systems 
Industrial Waste and Sanitary Problems 


411 Broadway Building Lorain, Ohio 


WERTZ ENGINEERING CO., Inc. 


CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 


Sewage & Industrial Waste Treatment 
Stream Pollution Studies 


Chemical & Bact. Laboratory Service 
441 North 2nd St. Reading, Pa. 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply, Water Purification, 
Corrosion Control 
Sewerage, Sew and Industrial 
Wastes Treatment 
Stream Pollution Studies 
Supervision, uation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply, 
Water Purification, Water Front Improvements, 
Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil—Sanitary—Structural 
Mechanical—Electrical 


Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 
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“FLEXIBLE” Exclusives THAT 
Revolutionized SEWER CLEANING 


Since 1932 FLEXIBLE has 
led in pioneering improved 
sewer cleaning methods and 
equipment. Here are today’s 
most important “FLEX- 
IBLE” musts! 


“| SeweRodeR 
A mechanical mar- 
| { vel that does all rod- 
4 ding with one man 
; and a helper. Pushes, 
, turns, pulls... pulls 

backloadsand* ‘rods 


Surface-Hung 
MANHOLE ROLLER 
“FLEXICROME” ROD COUPLING Works loose brick manholes (any 


An improved coupling recommended for HIGH- Size) far faster. Fits any two leg 
SPEED POWER TURNING. .. developed through bucket machine. Installs from 
years of experience. Never connects in the wrong 

hole. Faster to assemble. above ground. 


 FLEAIBLE” 


SEWER-ROD EQUIPMENT CO. 
9059 VENICE BOULEVARD, LOS ANGELES 34, CALIF. 


41 Greenway St. — Hamden 14, Conn. 66 Kiniry Drive — Rochester 9, New York 

147 Hillside Terrace — Irvington, N. J. 29 Cerdan Avenue — Roslindale 31, Mass. 

P. 0. Box 465 — Memphis, Tennessee 801 E. Excelsior Blvd. — Hopkins, Minn. 

1115 Delaware Ave. — Fort Pierce, Fia. 3786 Durango St. — Los Angeles 34, Calif. 

141 W. Jackson Bivd. — Chicago, Ill. 445§ S.E. 24th Street — Portiand, Oregon 

200 Magee Bidg. — Pittsburgh, Penn. 351 West Jefferson Bivd, — Dallas, Texas 
Francis Hankin — Montreal & Toronto, Canada 
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Builders Provideaes, Incespetsted 


Valve Company 


Ecosomy Pumps, (Division, C. Manelscturing Ca) lla. 
General Electric Compan: 


Conporation 
Link-Belt Op 


Olver United Filters, Daestporated 


Rockwell Company (Nordstrom Valve Division} . 


Ma 

upply Caspany 

United States Pipe apd Foundry 
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Greeley & Fancen 


Dodge, Bilis & Walker 
Electro Rust-Proafing Comporation 
& Lattkos Associates 

Pay, Spotford & 


PATRONIZE OUR ADVERTISERS—whose support makes possible the ga 
‘cation of this journal.  Whes writing advertisers be sure to mention SEWAGE 
AND INDUSTRIAL WASTES, 


4 
Bafia, John J, Ag Havens and Ex evson 
4 Beas ple Wm. S., Company 
= Ripple end Howe 
Smith aad Gillespie 
Finkbeiser, Pettis & Strouse Stanley Engineering Company! 
Frecse, Nichols ang Stilson, Aiden & Associates 
Fromberz Engineers Warner Engineering Company 
4 Gannett, Pleming & Cinpenter, Inc.  Westor. & Sampson 


Eeeenden of an existing sewage plant, needed to 
meet the demands of increased population and industrial 
growth, may necessarily be delayed by current material 
shortages and building restrictions, In such a case, W&T 
Chiorinators can temporarily help carry the load by improv- 
ing the efficiency of your present plant. 

For example, overall plant efficiency can be increased 
when chlorine is applied ahead of and in the plant. Pre- 
chlorination ensures fresh sewage, giving better sedimenta- 
tion. Plant chlorination aids grease removal, prevents filter 
ponding and minimizes sludge bulking. Disinfection of the 
effluent is ensured by post-chlorination—especially impor- 
tant where full treatment facilities are limited. 

These are practical reasons why more and more com- 
munities are using W&T Chiorinators both to temporarily 
increase plant capacity and to ensure better operation of a 
future, expanded plant. 


| 


4 


